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LETTER  OF  TRANSMITTAL. 


Missouri  tiKOLCXiicAL  Siuvkv, 
Jefferson  citt,  April  2,  1896. 

To  the  President^  Oovernor  Wm,  J.  Stone,  and  the  Members  of  the 
Board  of  Managers  of  the  Bureau  of  Geology  and  Mines  : 
Gentlemkn — I  have  the  honor  to  transmit  to  yoa  here- 
with, volame  IX  of  the  Missouri  Geological  Survey.  It  is  the 
first  of  the  series  on  areal  geology  and  comprises  reports  and 
detailed  maps  of  four  sheets. 

The  first,  or  Higgiusville  sheet,  was  printed  and  the  folio 
edition  partialy  distributed  in  1892.  The  second  and  third,  the 
Bevier  and  Iron  Mountain  sheets,  were  printed  in  1894,  and 
the  folio  maps  and  accompanying  octavo  reports  in  pamphlet 
form  partly  distributed  in  the  latter  part  of  the  same  year.  Of 
the  fourth,  the  Mine  la  Motte  sheet,  the  topographic  base  for 
the  map  was  practically  completed  more  than  two  years  ago, 
though  the  geological  work  in  the  area  was  not  done  until 
towards,  the  close  of  the  season  just  passed. 

To  meet  the  various  demands  for  the  geological  maps  two 
editions  have  been  issued,  one  on  light  paper  and  folded  so  to 
be  attached  to  the  report  in  octavo  size;  and  the  second  on 
heavy  plate  paper  which  is  retained  in  folio  form.  The  latter 
is  accompanied  also  by  a  brief  abstract  of  the  report,  and  a 
folio  sheet  of  geological  sections. 
I  have  the  honor  to  be. 

Your  obedient  servant, 

Charles  R.  Keyes, 
State  Geologist. 
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AREAL  GEOLOGY  OF  MISSOURI. 


AREAL  GEOLOGY  AND  ITS  RELATIONS  TO  GENERAL 

GEOLOGICAL  WORK. 

BY   OHARLBS   BOLLIN   EBYES. 

Tbe  investigatioD  of  the  Dataral  resourceB  of  a  district  iB 
the  chief  practical  end  of  geology.  Upon  this  foandation  rests 
the  development  of  the  mineral  wealth  of  a  region,  and  its 
commercial  importance  in  the  mine  products  is  hastened.  Pros- 
pecting goes  on  in  every  commanity  to  a  greater  or  less  extent, 
bat  not  always  in  an  intelligent  way.  It  is  a  widely  known  fact 
that  the  greater  share  of  ordinary  prospecting  is  not  only  car- 
ried on  nnprofitab1y,bat  mach  of  it  without  a  shaddow  of  hope 
of  success.  It  is  the  province  of  a  state  to  encourage  intel- 
ligent search  for  mineral  wealth  and  to  nurture  reasonable 
efiPorts  in  the  development  of  the  natural  resources.  This  a  state 
attempts  to  do  by  supporting  a  systematic  geological  survey; 
and  perhaps  no  investment,  either  public  or  private, yields  both 
directly  and  indirectly  so  great  a  return  for  the  amount  expended, 
as  that  placed  by  the  citizens  of  the  commonwealth  to  conduct 
a  careful  investigation  into  the  mineral  resources.  The  results 
supply  just  that  information  which  enables  intelligent  prospect- 
ing to  be  carried  on  in  every  county  and  which  prevents  much 
of  the  useless  expenditure  of  money,  time,  and  labor  in  hope- 
less enterprises. 

Wealthy  corporations  are  able  to  spend  large  sums  of 
money  in  developing  mining  districts.  When  local  investiga- 
tions of  this  kind  are  carried  on  the  investigation  partakes  of 
the  character  of  ^'  expert "  work.  But  the  small  land  owner  is 
prohibited  on  account  of  lack  of  means  from  making  extended 
investigations.     He  must  have  something  to  guide  him  in  what 
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he'opdertakes.    From  the  reports  of  the  areas  surveyed  with 

jrifaBmable  exactness  and  care,  each  citizen  is  able  to  make  oat 
•  •••  • 
•*»;3^<t  what  not  to  expect,  before  be^nning  to  prospect.    When 

V.   'the  researches  are  conducted  in  a  systematic  way  over  more  or 

\  •  • 

,  \  less  extensive  areas  and  nnder  governmental  auspices  the  work 
becomes  ^'geological surveying"  in  contra  distinction  to  private 
'•expert"  work.  The  primary  objects  of  state  surveys  is  to 
obtain  a  comprehensive  insight  into  what  the  commonwealth 
has  in  natural  resources,  to  take  an  inventory  of  the  natural 
possessions  of  the  district,  and  to  set  forth  to  the  public  accu- 
rate and  reliable  descriptions  of  the  mineral  contents.  Accounts 
of  this  kind  are  eagerly  sought  after,  not  only  by  the  citizens 
of  the  state  but  by  many  others  outside,  those  residing  in  other 
states  and  foreign  countries.  The  benefits  arising  are  three-fold. 
To  the  land-owners  it  is  of  direct  benefit  in  placing  a  substantial 
and  increased  valuation  on  the  tracts  surveyed ;  to  the  citizens 
at  large  is  an  encouragement  to  the  further  development  of  the 
region,  and  a  stimulus  to  all  industrial  activities ;  to  the 
investor,  either  at  home  or  abroad, it  is  an  authoritative  guaranty, 
protecting  him  from  the  wiles  of  nomadic  speculators,  making 
him  feel  more  secure  in  making  investments  and  therefore  more 
ready  to  advance  a  mnch  higher  rate  than  he  otherwise  would 
feel  justified  in  doing. 

In  all  economic  geological  inquiry  the  work  divides  itself 
naturally  into  two  classes  both  of  which,  while  apparently 
sometimes  covering  the  same  ground,  are  very  different.  Tbey 
form  rather  two  parallel  lines  of  investigation  which  supple- 
ment each  other  so  that  nowhere  is  there  a  duplication  of  efforts. 
One  of  these  lines  considers  a  particular  deposit  for  an  entire 
province,  and  is  commonly  denominated  subject  work.  The 
other  treats  of  all  deposits  of  a  useful  character  which  are 
found  in  a  given  district  and  is  technically  termed  areal  work. 
Reports  on  counties,  '^  sheets,"  or  other  limited  districts  are 
results  in  areal  work.  The  former  is  a  consideration  of  the 
properties,  uses  and  methods  of  development,  of  the 
manipulation  of  the  dififerent  deposits  and  the  kinds  occurring 
in  the  varioas  localities.    The  second  notes  the  extent,  adapt- 
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ability  and  accessibility  of  deposits  as  found  in  particular 
places. 

The  work  of  the  earlier  geological  reconnoissances  was  a 
mixture  of  the  areal  and  the  subject,  reports  on  the  county 
being  the  most  common  unit  as  the  basis  of  presentation.  But 
the  reports  of  a  quarter  of  a  century  ago  were  very  different  from 
those  of  the  present  day,  and  in  most  places  were  largely  pre- 
liminary, especially  in  this  country.  They  differ  from  the  modern 
areal  reports  in  embracing  also  much  general  matter  and  thus 
to  some  degree  they  covered  both  fields,  but  neither  of  them 
fully.  Furthermore,  natural  history  was  commonly  included 
and  this  took  up  no  small  part  of  the  means  and  efforts.  The 
areal  reports  of  to-day  are  confined  almost  entirely  to  the  mineral 
resources.  They  are  very  much  more  extensive  and  much  more 
practical  than  the  earlier  accounts.  Detailed  information  of  a 
local  character  is  considered ;  the  present  and  possible  future 
developments  of  the  mineral  wealth  are  set  forth.  Its  direct 
purpose  is  to  satisfy  constant  and  every  increasing  demands 
for  reliable  information  in  regard  to  given  localities.  The  desire 
to  know  about  the  mineral  products  of  each  particular  neigh- 
borhood is  so  general  that  full  details  are  required  concerning 
every  substance  which  is,  or  is  likely  to  be  of  value,  to  the 
land-owner,  or  occupant,  in  the  district.  Probably  one-half  of 
the  people  making  inquiry  seek  information  of  a  local  character. 

The  disemination  of  useful  information  regarding  particular 
districts  is  accomplished  in  three  ways;  first  by  descriptions 
and  sections ;  second,  by  illustrations ;  and  third,  by  maps.  No 
less  than  three-fourths  of  the  geological  facts  are  recorded 
cartographically.  In  consequence,  therefore,  a  modern  geologi- 
cal map  is  a  graphic  summary  of  a  vast  amount  of  useful  infor- 
mation. In  addition  to  an  accurate  representation  of  the 
ordinary  geographical  features,  as  in  the  best  atlases,  a  properly 
constructed  geological  map  records  much  more.  On  it  are 
indicated,  within  a  few  feet  where  the  topography  is  represented 
properly,  the  elevations  above  the  sea  level  of  every  point 
within  the  borders  of  the  area ;  the  drainage  basins  and  the 
water  powers ;  the   distribution   and  limits   of  the   different 
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geological  formations,  the  varioas  kinds  of  ores,  building  stones, 
clays,  and  all  minerals  of  economic  value  contained  in  the 
several  beds,  as  well  as  the  best  places  for  obtaining  all  of  these 
substances.  The  map  also  forms  a  reliable  soil  index,  which » 
with  some  additional  explanation,  serves  also  as  a  guide  to  the 
distribution  of  the  forests  and  plants  generally. 

But  all  the  districts  considered  cannot  be  treated  alike  in 
the  mapping.  Some  places  require  far  more  work  than  others, 
either  on  account  of  the  great  importance  of  the  mineral 
deposits  or  the  natural  difiQculties  caused  by  the  ruggedness  of 
the  country.  Other  regions,  as  those  which  contain  the  principal 
iron  ores,  the  most  valuable  lead  and  zinc  deposits,  or  particular 
coal  beds,  require,  in  the  beginning,  accurate  relief  maps.  Places 
where  the  immediate  mineral  wealth  is  not  so  great  do  not 
require  so  elaborate  topographical  maps.  At  the  present  time 
it  is  not  advisable  nor,  even  if  it  were  desirable,  would  the 
resources  of  a  state  survey  permit  it  without  a  very  consider- 
able enlargement  of  its  powers.  The  work  goes  on  as  rapidly 
as  is  consistent  with  good  and  accurate  results.  In  order  of 
their  importance  must  the  vfMious  districts  be  mapped  and  in 
proportion  to  their  natural  wealth  should  the  detail  be  recorded. 

The  preparation  of  a  full  set  of  maps  of  this  kind  is  not  the 
result  of  few  day's  effort,  but  of  the  labor  of  years.  As  a  part 
of  the  systematic  investigations  carried  on  in  regard  to 
economic  resources  there  should  be  prepared  a  series  of  maps 
which  would  embrace  for  every  section  of  the  district  all  of 
the  information  mentioned.  Some  of  them  need  to  be  some- 
what general  in  their  character  and  ordinarily  accompany  the 
different  special  reports.  Others  should  be  more  detailed  in 
their  make-up  and  cover  given  counties  or  such  other  areas  as 
may  be  thought  desirable.  In  the  construction  of  maps  show- 
ing the  distribution  and  occurrence  of  mineral  substances  it  is 
of  prime  importance  that  the  surface  relief  should  be  depicted 
in  a  readily  intelligible  manner.  One  which  represents  most 
closely  a  perfect  miniature  of  the  surface  of  the  region  is  far 
superior  to  any  ordinary  atlas.  It  is  invaluable  not  alone  to 
the  trained  geologist,  but  it  is  about  the  only  practical  way  by 
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which  the  average  citizen  is  able  to  comprehend,  at  a  glance, 
the  explanations.  In  proportion  as  the  exactness  with  which 
the  diminntive  representation  approaches  the  actual  surface, 
in  the  same  proportion  does  the  asefnlness  of  the  work  increase. 
The  modern  methods  of  making  maps  are  so  far  advanced  over 
those  of  a  quarter  of  a  centarj  ago  that  it  enables  them  to  be 
made  at  a  cost  within  the  reach  of  all. 

In  brief,  then,  a  properly  constructed  geological  map  of  a 
district  not  only  locates  accurately  the  various  mineral  deposits, 
but  also  represents  the  prominent  landscape  features  by  which 
the  locations  may  be  more  readily  recognized.  A  relief  map 
also  served  other  purposes.  Upon  it  may  be  based  models  of 
the  more  important  distriots  which  are  to  be  taken  as 
characteristic  of  much  larger  areas  and  which  are  to  represent 
in  a  graphic  manner  the  structure,  arrangement  and  relations  of 
deposits.  Eventually  a  relief  model  of  the  entire  district  may 
be  constructed  on  a  suitable  scale.  Besides,  for  the  purposes 
mentioned  it  would  afford  one  of  the  most  instructive  objects 
for  presenting  to  the  pupils  of  schools  the  geographical  features 
of  their  state.  With  the  wide  introduction  of  the  new  methods 
of  teaching  geography  the  value  of  such  aids  cannot  be  over- 
estimated. 

The  scope  and  aims  of  areal  and  subject  work  are  quite 
different.  The  ground  covered  by  the  former  has  been  out- 
lined. The  latter  is  primarily  to  satisfy  a  wide  and  ever  in- 
creasing demand  for  information  in  regard  to  the  existence, 
mode  of  occurrence,  properties  and  commercial  values  of  the 
various  substances.  Such  deposits  are  not  limited  by  ordinary 
political  boundaries,  but  each  kind  of  mineral,  clay  or  other 
mineral  product  dug  from  the  earth  belongs  to  some  particular 
geological  formation ;  in  other  words,  it  is  found  at  some 
horizon  or  level  more  plentiful  than  at  others.  Thus,  one 
formation  is  abundantly  supplied  with  coal;  another  with  ores 
of  zinc  or  lead;  a  third  with  materials  for  the  manufacture  of 
cements ;  and  others  with  still  different  substances  of  economic 
value.  Each  is  found  in  a  particular  geological  zone  and  rarely 
or  very  sparingly  elsewhere.     Only  within  certain  districts 
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woald  search  for  a  ^ven  sabstance  be  sacceasfal;  oataide  of 
these  areas  no  amoaat  of  prospecting  woald  e^er  disclose  the 
material  sought.  Whea  the  information  is  obtained  concerning 
any  particnlar  mineral  sabstance  the  entire  subject  mast  be 
earefally  considered*  At  the  oatset  a  clear  understanding  of 
the  geologicikl  stractare  of  the  rocks  containing  it  is  of  prime 
importance.  The  localities  where  it  occurs  require  description. 
The  arrangement,  relations  and  extent  of  the  deposits  must  be 
defined;  the  origin  and  properties  discussed;  the  accessibility 
and  value  determined ;  the  uses  of  the  substances,  the  nature 
and  status,  both  present  and  probable  future  of  the  industries 
connected,  fully  considered.  A  complete  report  on  each  special 
subject  is  therefore  comprehensive  in  character  and  concise  in 
statement.  The  work  cannot  be  weighed  with  the  details  of 
only  local  interest,  as  this  would  extend  the  account  far  be- 
yond the  space  that  could  be  alloted  to  it.  Information  of  an 
entirely  local  character  must  be  recorded  largely  on  maps  or 
described  in  accounts  of  areas. 

The  neccessity  of  a  dual  arrangment  of  work  in  completing 
a  thorough  geological  survey  is  obvious.  On  accoant  of  the 
magnitude  of  the  work  the  investigations  must  necessarily  ex- 
tend over  a  period  of  years.  The  means  usually  provided  by 
a  province  are  far  too  inadequate  to  extend  the  detailed  work 
over  a  whole  state  in  a  single  year,  and  consequently  in  the 
beginning  of  the  work  some  areas  mast  be  taken  up  tirst  and 
tinished,  before  others  can  be  inqaired  into  and  mapped  in  de- 
tail. At  the  same  time  the  work  on  varioas  topics  may  go  on 
over  the  whole  region  and  the  results  of  the  investigations  on 
the  various  deposits  pablished  and  given  to  the  public  long 
before  all  the  work  of  all  of  the  counties  or  districts  is  done. 

As  the  outcome  of  work  done  in  important  mining  districts 
the  accompanying  volume  comprises  the  areas  covered  by 
sheets  one  to  foar,  and  is  the  first  of  the  series  of  reports  on 
areal  geolosry,  issued  by  the  Missouri  Geological  Survey. 
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PREFACE. 

This  report,  with  theacsotDpanylDg  map  and  Bection  sheet, 
is  the  first  of  a  series  of  similar  reports  which  will  be  issued 
by  the  Geological  Snrv^ey.  They  will  contain  the  results  of 
detailed  examination  in  the  respective  areas.  The  localities 
selected  for  such  work  are  those  which  are  of  prominent  eco- 
nomic importance,  or  which  are  of  great  geologic  and  scientific 
interest.  The  scope  and  functions  of  such  area  work  have 
already  been  described  in  a  previous  publication,*  and  will 
not  be  further  discussed  here.  Suffice  it  to  say  that  such  work 
deals  with  all  contained  in  a  certain  area,  in  distinction  to  sub- 
ject work,  which  deals  with  special  subjects  for  the  whole 
State. 

The  maps  of  these  reports  embody  in  themselves  a  great 
mass  of  important  information,  and  much  time  and  care  have 
been  given  to  their  preparation.  The  map  accompanying  this 
report  is  termed  the  Higginsville  sheet,  is  a  quarter  of  a  de- 
gree long  on  each  side,  and  occupies  an  area  of  one-sixteenth 
of  a  square  degree  of  latitude  and  longitude,  or  about  230 
square  miles.  The  scale  of  the  map  is  very  nearly  one  mile  to 
an  inch,  t  The  reasons  for  selecting  this  unit  of  area  are  that 
it  is  a  fixed  and  permanent  one,  not  subject  to  change  by  sub- 
division or  otherwise,  as  in  a  county;  that  it  can  be  represented 
on  a  sheet  of  a  moderate  and  convenient  size  for  reference,  and 
that  all  sheets  can  be  made  of  the  same  size  and  ultimately 
united  in  an  atlas  if  desired.  This  same  sheet  unit  is  adopted 
by  the  U.  8.  Geological  Survey,  and  the  most  recent  maps  of 
foreign  government  surveys  are  published  on  sheets  of  about 

*  Uiennlal  report  of  the  8tate  (ieolojxlst,  transmitted  by  the  llureau  of 
Cieoloj^y  and  Mines  to  tlie  H(5th  (Jeneral  Assembly,  pp.  H4  to  as. 

t  The  scale  of  the  map  Is    ^Am     "^  nature,  whereas  a  map  on  a  scale  of 

one  statute  mile  to  tlie  Inch  Is  ^,'   ,^  of  nature.    The  object  In  adopting?  the  for- 

nier  scale  Is  to  liarmonlze  the  work  with  the  scheme  of  publication  of  similar 
maps  of  the  U  S.  Geological  Survey,  which  are  published  on  the  former  scale  or 
on  scales  which  are  in  simple  ratio  to  this. 
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the  same  size  or  less.  The  tendency  of  mDdern  map  publica- 
tion is  toward  the  adoption  of  a  small  sheet.  The  universal 
applicability  of  the  degree,  or  fraction  of  a  degree,  as  a  unit 
of  publication  commends  the  plan  here  adopted  for  general  use. 
The  projection  of  the  sheet  was  taken  from  the  previously 
published  Lexington  sheet  of  the  U.  S.  Geological  Survey, 
which  was  based  on  the  triangnlations  of  the  Coast  and  Geo- 
detic Survey  of  the  Missouri  Blver  Commission  in  this  and 
adjacent  counties:  that  is,  the  positions  of  the  township  and 
range  lines  with  reference  to  the  meridians  and  parallels  were 
thus  fixed.  Within  each  cadestral  township,  so  outlined,  the 
section  lines  were  located  from  the  land  office  sheets,  discrep- 
ancies within  such  townships  being  distributed.  The  railway 
lines  were  plotted  from  the  maps  of  the  respective  roads,  and 
these,  together  with  the  section  and  other  land.'division  lines, 
served  as  lines  of  horizontal  control.  The  drainage  has  been 
plotted  in  part  from  the  land  office  sheets ;  at  least  the  points 
of  intersection  of  streams  and  section  lines  have  been  generally 
obtained  in  this  way.  Such  locations  are,  however,  checked 
by  frequent  intersections  with  the  meander  lines  of  the  topo- 
graphic work.  Vertical  control  for  contouring  was  obtained 
primarily'  from  the  precise  leveling  of  the  Missouri  Biver  Com- 
mission  along  the  river,  and,  secondarily,  from  the  profiles  of 
the  vaiious  railways.  In  addition  to  these,  lines  of  level  have 
been  run  by  the  Geological  Survey  through  each  township, 
thereby  furnishing  frequent  bench-marks,  and,  in  addition,  fix- 
ing with  exactness  the  relative  elevations  of  coal  beds  and 
topographic  features  of  special  importance.  Between  these 
lines  altitudes  have  been  determined  by  aneroid  barometer 
measurements  along  the  lines  of  meander  surveys.  Such 
meander  work  was  performed  with  hand  compass  and  paced 
distances  following  along  roads  or  along  section  or  other  land 
lines,  and  in  all  cases  checked  by  frequent  intersection  with 
such  lines.  In  these  surveys  the  topography  was  sketched  at 
the  same  time  directly  into  the  note-book,  and  all  observed 
geological  occurrences  were  located  in  their  proper  topographi- 
cal positions. 
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he  opdertakes.    From  the  reports  of  the  areas  surveyed  with 

jrifaiimable  exactness  and  care,  each  citizen  is  able  to  make  oat 

•  .*.  • 
.*v]^€t  what  not  to  expect,  before  be^nning  to  prospect.     When 
"-•  •- 

..^  ^tne  researches  are  conducted  in  a  systematic  way  over  more  or 
V  less  extensive  areas  and  ander  governmental  anspices  the  work 
becomes  ^'geological  surveying"  in  contra  distinction  to  private 
'•expert"  work.  The  primary  objects  of  state  surveys  is  to 
obtain  a  comprehensive  insight  into  what  the  commonwealth 
has  in  natural  resources,  to  take  an  inventory  of  the  natural 
possessions  of  the  district,  and  to  set  forth  to  the  public  accu- 
rate and  reliable  descriptions  of  the  mineral  contents.  Accounts 
of  this  kind  are  eagerly  sought  after,  not  only  by  the  citizens 
of  the  state  but  by  many  others  outside,  those  residing  in  other 
states  and  foreign  countries.  The  benefits  arising  are  three-fold. 
To  the  land-owners  it  is  of  direct  benefit  in  placing  a  substantial 
and  increased  valuation  on  the  tracts  surveyed ;  to  the  citizens 
at  large  is  an  encouragement  to  the  further  development  of  the 
region,  and  a  stimulus  to  all  industrial  activities ;  to  the 
investor,  either  at  home  or  abroad,  it  is  an  authoritative  guaranty, 
protecting  him  from  the  wiles  of  nomadic  speculators,  making 
him  feel  more  secure  in  making  investments  and  therefore  more 
ready  to  advance  a  much  higher  rate  than  he  otherwise  would 
feel  justified  in  doing. 

In  all  economic  geological  inquiry  the  work  divides  itself 
naturally  into  two  classes  both  of  which,  while  apparently 
sometimes  covering  the  same  ground,  are  very  different.  They 
form  rather  two  parallel  lines  of  investigation  which  supple- 
ment each  other  so  that  nowhere  is  there  a  duplication  of  efforts. 
One  of  these  lines  considers  a  particular  deposit  for  an  entire 
province,  and  is  commonly  denominated  subject  work.  The 
other  treats  of  all  deposits  of  a  useful  character  which  are 
found  in  a  given  district  and  is  technically  termed  areal  work. 
Reports  on  counties,  '^  sheets,"  or  other  limited  districts  are 
results  in  areal  work.  The  former  is  a  consideration  of  the 
properties,  uses  and  methods  of  development,  of  the 
manipulation  of  the  different  deposits  and  the  kinds  occurring 
in  the  various  localities.    The  second  notes  the  extent,  adapt- 
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ability  and  accessibility  of  deposits  as  found  in  particalar 
places. 

The  work  of  the  earlier  geological  recoDooissances  was  a 
mixtare  of  the  areal  and  the  subject,  reports  on  the  county 
being  the  most  common  unit  as  the  basis  of  presentation.  But 
the  reports  of  a  quarter  of  a  century  ago  were  very  different  from 
those  of  the  present  day,  and  in  most  places  were  largely  pre- 
liminary, especially  in  this  country.  They  differ  from  the  modern 
areal  reports  in  embracing  also  much  general  matter  and  thus 
to  some  degree  they  covered  both  fields,  but  neither  of  them 
fully.  Furthermore,  natural  history  was  commonly  included 
and  this  took  up  no  small  part  of  the  means  and  efforts.  The 
areal  reports  of  to-day  are  confined  almost  entirely  to  the  mineral 
resources.  They  are  very  much  more  extensive  and  much  more 
practical  than  the  earlier  accounts.  Detailed  information  of  a 
local  character  is  considered ;  the  present  and  possible  future 
developments  of  the  mineral  wealth  are  set  forth.  Its  direct 
purpose  is  to  satisfy  constant  and  every  increasing  demands 
for  reliable  information  in  regard  to  given  localities.  The  desire 
to  know  about  the  mineral  products  of  each  particular  neigh- 
borhood is  so  general  that  full  details  are  required  concerning 
every  substance  which  is,  or  is  likely  to  be  of  value,  to  the 
land-owner,  or  occupant,  in  the  district.  Probably  one-half  of 
the  people  making  inquiry  seek  information  of  a  local  character. 

The  disemination  of  useful  information  regarding  particular 
districts  is  accomplished  in  three  ways;  first  by  descriptions 
and  sections ;  second,  by  illustrations ;  and  third,  by  maps.  No 
less  than  three-fourths  of  the  geological  facts  are  recorded 
cartographically.  In  consequence,  therefore,  a  modern  geologi- 
cal map  is  a  graphic  summary  of  a  vast  amount  of  useful  infor- 
mation. In  addition  to  an  accurate  representation  of  the 
ordinary  geographical  features,  as  in  the  best  atlases,  a  properly 
constructed  geological  map  records  much  more.  On  it  are 
indicated,  within  a  few  feet  where  the  topography  is  represented 
properly,  the  elevations  above  the  sea  level  of  every  point 
within  the  borders  of  the  area ;  the  drainage  basins  and  the 
water  powers ;  the   distribution   and  limits   of  the   different 
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geological  formations,  the  varioas  kinds  of  ores,  building  stones, 
clays,  and  all  minerals  of  economic  value  contained  in  the 
several  beds,  as  well  as  the  best  places  for  obtaining  all  of  these 
sabstances.  The  map  also  forms  a  reliable  soil  index,  which » 
with  some  additional  explanation,  serves  also  as  a  guide  to  the 
distribution  of  the  forests  and  plants  generally. 

But  all  the  districts  considered  cannot  be  treated  alike  in 
the  mapping.  Some  places  require  far  more  work  than  others, 
either  on  account  of  the  great  importance  of  the  mineral 
deposits  or  the  natural  difiQculties  caused  by  the  ruggedness  of 
the  country.  Other  regions,  as  those  which  contain  the  principal 
iron  ores,  the  most  valuable  lead  and  zinc  deposits,  or  particular 
coal  beds,  require,  in  the  beginning,  accurate  relief  maps.  Places 
where  the  immediate  mineral  wealth  is  not  so  great  do  not 
require  so  elaborate  topographical  maps.  At  the  present  time 
it  is  not  advisable  nor,  even  if  it  were  desirable,  would  the 
resources  of  a  state  survey  permit  it  without  a  very  consider- 
able enlargement  of  its  powers.  The  work  goes  on  as  rapidly 
as  is  consistent  with  good  and  accurate  results.  In  order  of 
their  importance  must  the  viMious  districts  be  mapped  and  in 
proportion  to  their  natural  wealth  should  the  detail  be  recorded. 

The  preparation  of  a  full  set  of  maps  of  this  kind  is  not  the 
result  of  few  day's  efifort,  but  of  the  labor  of  years.  As  a  part 
of  the  systematic  investigations  carried  on  in  regard  to 
economic  resources  there  should  be  prepared  a  series  of  maps 
which  would  embrace  for  every  section  of  the  district  all  of 
the  information  mentioned.  Some  of  them  need  to  be  some- 
what general  in  their  character  and  ordinarily  accompany  the 
different  special  reports.  Others  should  be  more  detailed  in 
their  make-up  and  cover  given  counties  or  such  other  areas  as 
may  be  thought  desirable.  In  the  construction  of  maps  show- 
ing the  distribution  and  occurrence  of  mineral  substances  it  is 
of  prime  importance  that  the  surface  relief  should  be  depicted 
in  a  readily  intelligible  manner.  One  which  represents  most 
closely  a  perfect  miniature  of  the  surface  of  the  region  is  far 
superior  to  any  ordinary  atlas.  It  is  invaluable  not  alone  to 
the  trained  geologist,  but  it  is  about  the  only  practical  way  by 
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which  the  average  citizen  is  able  to  comprehend,  at  a  glance, 
the  explanations.  In  proportion  as  the  exactness  with  which 
the  diminntive  representation  approaches  the  actoal  snrface, 
in  the  same  proportion  does  the  nsefalness  of  the  work  increase. 
The  modern  methods  of  making  maps  are  so  far  advanced  over 
those  of  a  quarter  of  a  centnrj  ago  that  it  enables  them  to  be 
made  at  a  cost  within  the  reach  of  all. 

In  brief,  then,  a  properly  constrncted  geological  map  of  a 
district  not  only  locates  accurately  the  various  mineral  deposits, 
bat  also  represents  the  prominent  landscape  features  by  which 
the  locations  may  be  more  readily  recognized.  A  relief  map 
also  served  other  purposes.  Upon  it  may  be  based  models  of 
the  more  impoitant  districts  which  are  to  be  taken  as 
characteristic  of  much  larger  areas  and  which  are  to  represent 
in  a  graphic  manner  the  structure,  arrangement  and  relations  of 
deposits.  Eventually  a  relief  model  of  the  entire  district  may 
be  constructed  on  a  suitable  scale*  Besides,  for  the  purposes 
mentioned  it  would  afford  one  of  the  most  instructive  objects 
for  presenting  to  the  pupils  of  schools  the  geographical  features 
of  their  state.  With  the  wide  introduction  of  the  new  methods 
of  teaching  geography  the  value  of  such  aids  cannot  be  over- 
estimated. 

The  scope  and  aims  of  areal  and  subject  work  are  quite 
different.  The  ground  covered  by  the  former  has  been  out- 
lined. The  latter  is  primarily  to  satisfy  a  wide  and  ever  in- 
creasing demand  for  information  in  regard  to  the  existence, 
mode  of  occurrence,  properties  and  commercial  values  of  the 
various  substances.  Such  deposits  are  not  limited  by  ordinary 
political  boundaries,  but  each  kind  of  mineral,  clay  or  other 
mineral  product  dug  from  the  earth  belongs  to  some  particular 
geological  formation ;  in  other  words,  it  is  found  at  some 
horizon  or  level  more  plentifal  than  at  others.  Thus,  one 
formation  is  abundantly  supplied  with  coal;  another  with  ores 
of  zinc  or  lead;  a  third  with  materials  for  the  manufacture  of 
cements ;  and  others  with  still  different  substances  of  economic 
value.  Each  is  found  in  a  particular  geological  zone  and  rarely 
or  very  sparingly  elsewhere.     Only  within  certain  districts 
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woald  search  for  a  given  Babstance  be  saccessfal;  oatside  of 
these  areas  no  amoant  of  prospecting  would  ever  disclose  the 
material  sought.  When  the  information  is  obtained  concerning 
any  particular  mineral  substance  the  entire  subject  must  be 
carefully  considered.  At  the  outset  a  clear  understanding  of 
the  geological  structure  of  the  rocks  containing  it  is  of  prime 
importance.  The  localities  where  it  occurs  require  description. 
The  arrangement,  relations  and  extent  of  the  deposits  must  be 
defined;  the  origin  and  properties  discussed;  the  accessibility 
and  value  determined ;  the  uses  of  the  substances,  the  nature 
and  status,  both  present  and  probable  future  of  the  industries 
connected,  fully  considered.  A  complete  report  on  each  special 
subject  is  therefore  comprehensive  in  character  and  concise  in 
statement.  The  work  cannot  be  weighed  with  the  details  of 
only  local  interest,  as  this  would  extend  the  account  far  be- 
yond the  space  that  could  be  alloted  to  it.  Information  of  an 
entirely  local  character  must  be  recorded  largely  on  maps  or 
described  in  accounts  of  areas. 

The  neccessity  of  a  dual  arrangment  of  work  in  completing 
a  thorough  geological  survey  is  obvious.  On  account  of  the 
magnitude  of  the  work  the  investigations  must  necessarily  ex- 
tend over  a  period  of  years.  The  means  usually  provided  by 
a  province  are  far  too  inadequate  to  extend  the  detailed  work 
over  a  whole  state  in  a  single  year,  and  consequently  in  the 
beginning  of  the  work  some  areas  must  be  taken  up  first  and 
finished,  before  others  can  be  inquired  into  and  mapped  in  de- 
tail. At  the  same  time  the  work  on  various  topics  may  go  on 
over  the  whole  region  and  the  results  of  the  investigations  on 
the  various  deposits  published  and  given  to  the  public  long 
before  all  the  work  of  all  of  the  counties  or  districts  is  done. 

As  the  outcome  of  work  done  in  important  mining  districts 
the  accompanying  volume  comprises  the  areas  covered  by 
sheets  one  to  four,  and  is  the  first  of  the  series  of  reports  on 
areal  geology,  issued  by  the  Missouri  Geological  Survey. 
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woald  search  for  a  given  sabBtance  be  saccessfal;  oateide  of 
these  areas  no  amount  of  prospecting  would  ever  disclose  the 
material  sought.  When  the  information  is  obtained  concerning 
any  particular  mineral  substance  the  entire  subject  must  be 
carefully  considered.  At  the  outset  a  clear  understanding  of 
the  geological  structure  of  the  rocks  containing  it  is  of  prime 
importance.  The  localities  where  it  occurs  require  description. 
The  arrangement,  relations  and  extent  of  the  deposits  must  be 
defined;  the  origin  and  properties  discussed;  the  accessibility 
and  value  determined  ;  the  uses  of  the  substances,  the  nature 
and  status,  both  present  and  probable  future  of  the  industries 
connected,  fully  considered.  A  complete  report  on  each  special 
subject  is  therefore  comprehensive  in  character  and  concise  in 
statement.  The  work  cannot  be  weighed  with  the  details  of 
only  local  interest,  as  this  would  extend  the  account  far  be- 
yond the  space  that  could  be  alloted  to  it.  Information  of  an 
entirely  local  character  must  be  recorded  largely  on  maps  or 
described  in  accounts  of  areas. 

The  neccessity  of  a  dual  arrangment  of  work  in  completing 
a  thorough  geological  survey  is  obvious.  Oq  account  of  the 
magnitude  of  the  work  the  investigations  must  necessarily  ex- 
tend over  a  period  of  years.  The  means  usually  provided  by 
a  province  are  far  too  inadequate  to  extend  the  detailed  work 
over  a  whole  state  in  a  single  year,  and  consequently  in  the 
beginning  of  the  work  some  areas  must  be  taken  up  first  and 
finished,  before  others  can  be  inquired  into  and  mapped  in  de- 
tail. At  the  same  time  the  work  on  various  topics  may  go  on 
over  the  whole  region  and  the  results  of  the  investigations  on 
the  various  deposits  published  and  given  to  the  public  long 
before  all  the  work  of  all  of  the  counties  or  districts  is  done. 

As  the  outcome  of  work  done  in  important  mining  districts 
the  accompanying  volume  comprises  the  areas  covered  by 
sheets  one  to  four,  and  is  the  first  of  the  series  of  reports  on 
areal  geology,  issued  by  the  Missouri  Geological  Survey. 
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PRBFAOB. 

This  report,  with  theaosompanying  map  and  section  sheet, 
is  the  first  of  a  series  of  similar  reports  which  will  be  issued 
by  the  Geological  Sarvey.  They  will  contain  the  results  of 
detailed  examination  in  the  respective  areas.  The  localities 
selected  for  such  work  are  those  which  are  of  prominent  eco- 
nomic importance,  or  which  are  of  great  geologic  and  scientific 
interest.  The  scope  and  functions  of  such  area  work  have 
already  been  described  in  a  previous  publication,*  and  will 
not  be  further  discussed  here.  Suffice  it  to  say  that  such  work 
deals  with  all  contained  in  a  certain  area,  in  distinction  to  sub- 
ject work,  which  deals  with  special  subjects  for  the  whole 
State. 

The  maps  of  these  reports  embody  in  themselves  a  great 
mass  of  important  information,  and  much  time  and  care  have 
been  given  to  their  preparation.  The  map  accompanying  this 
report  is  termed  the  Higginsville  sheet,  is  a  quarter  of  a  de- 
gree long  on  each  side,  and  occupies  an  area  of  one-sixteenth 
of  a  square  degree  of  latitude  and  longitude,  or  about  230 
square  miles.  The  scale  of  the  map  is  very  nearly  one  mile  to 
an  inch,  f  The  reasons  for  selecting  this  unit  of  area  are  that 
it  is  a  fixed  and  permanent  one,  not  subject  to  change  by  sub- 
division or  otherwise,as  in  a  county;  that  it  can  be  represented 
on  a  sheet  of  a  moderate  and  convenient  size  for  reference,  and 
that  all  sheets  can  be  made  of  the  same  size  and  ultimately 
united  in  an  atlas  if  desired.  This  same  sheet  unit  is  adopted 
by  the  U.  S.  Geological  Survey,  and  the  most  recent  maps  of 
foreign  government  surveys  are  published  on  sheets  of  about 

•  Ulennlal  report  of  tlic  stute  (Jeoloj^lst,  transinltltMl  by  the  Uur(>au  of 
Cieolo^ry  and  Mines  lo  tlie  Mnh  (ieneral  Assembly,  pp.  S4  to  hs. 

t  The  scale  of  tlie  map  Is    ^  .V^j,     of  nature,  wliereas  a  map  on  a  scale  of 

one  statute  mile  to  the  Inch  Is  ,  '  ,_  of  nature.    The  object  In  adopting;  the  for- 

nier  scale  Is  to  harmonl/e  the  work  with  the  scheme  of  publication  of  similar 
maps  of  the  i:  s.  (ii'oio^lcal  survey,  which  are  published  on  the  former  .s(*al('  or 
on  scales  which  are  In  simple  ratio  to  this. 


4  HIGGINSVILLE   8HBBT. 

the  same  size  or  less.  The  tendency  of  mDdern  map  publica- 
tion is  toward  the  adoption  of  a  small  sheet.  The  aniversal 
applicability  of  the  degree,  or  fraction  of  a  degree,  as  a  nnit 
of  pablication  commends  the  plan  here  adopted  for  general  nse. 
The  projection  of  the  sheet  was  taken  from  the  previously 
published  Lexington  sheet  of  the  U.  8.  Geological  Survey, 
which  was  based  on  the  triangulations  of  the  Coast  and  Geo- 
detic Survey  of  the  Missouri  Biver  Oommission  in  this  and 
adjacent  counties:  that  is,  the  positions  of  the  township  and 
range  lines  with  reference  to  the  meridians  and  parallels  were 
thus  fixed.  Within  each  cadestral  township,  so  outlined,  the 
section  lines  were  located  from  the  land  office  sheets,  discrep- 
ancies within  such  townships  being  distributed.  The  railway 
lines  were  plotted  from  the  maps  of  the  respective  roads,  and 
these,  together  with  the  section  and  other  land.'division  lines, 
served  as  lines  of  horizontal  control.  The  drainage  has  been 
plotted  in  part  from  the  land  office  sheets ;  at  least  the  points 
of  intersection  of  streams  and  section  lines  have  been  generally 
obtained  in  this  way.  Such  locations  are,  however,  checked 
by  frequent  intersections  with  the  meander  lines  of  the  topo- 
graphic work.  Vertical  control  for  contouring  was  obtained 
primarily  from  the  precise  leveling  of  the  Missouri  Biver  Com- 
mission  along  the  river,  and,  secondarily,  from  the  profiles  of 
the  vfliious  railways.  In  addition  to  these,  lines  of  level  have 
been  run  by  the  Geological  Survey  through  each  township, 
thereby  furnishing  frequent  bench-marks,  and,  iu  addition,  fix- 
ing with  exactness  the  relative  elevations  of  coal  beds  and 
topographic  features  of  special  importance.  Between  these 
lines  altitudes  have  been  determined  by  aneroid  barometer 
measurements  along  the  lines  of  meander  surveys.  Such 
meander  work  was  performed  with  hand  compass  and  paced 
distances  following  along  roads  or  along  section  or  other  land 
lines,  and  in  all  cases  checked  by  frequent  intersection  with 
such  lines.  In  these  surveys  the  topography  was  sketched  at 
the  same  time  directly  into  the  note-book,  and  all  observed 
geological  occurrences  were  located  in  their  proper  topographi- 
cal positions. 
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These  methoilB  were  accepted  as  adequate  for  the  con- 
struction of  a  topographic  map  for  the  present  purposes  on  the 
scale  and  with  the  contour  interval  used.  More  must  not, 
therefore,  be  demanded  of  such  maps  than  these  considerations 
warrant,  though  they  will  prove  of  value  in  the  future  for 
many  other  industiial  and  scientific  uses  than  those  for  which 
they  were  especially  constructed.  They  portray  with  exact- 
ness the  distribution  of  upland  and  lowland,  and,  with  reason- 
able faithfulness,  the  relative  elevations  of  the  various  hills. 
It  is  not  maintained  that  the  exact  amount  of  grading  neces- 
sary for  the  construction  of  a  railway  across  the  areas  repre- 
sented on  such  maps  can  be  calculated  from  their  study  ;  yet, 
on  the  other  hand,  the  general  question  of  the  practicability  of 
construction  along  any  line  can  be  determined  at  a  glance. 

In  addition  to  the  topographic  base,  the  distribution  of  the 
geological  formations  is  clearly  shown  on  the  map  by  the  dif- 
ferent colors.  The  flat  shades  of  gray  used  for  the  divisions 
of  the  Coal  Measures  have  been  adopted  after  experimentation 
with  various  color  schemes.  It  was  found  that  any  scheme 
involving  the  use  of  a  series  of  over-printed  patterns  could  not 
be  introduced  on  maps  containing  so  much  other  detail  as  do 
these,  without  seriously  obscuring  the  latter.  In  addition  to 
such  general  geologic  delineation,  it  will  be  observed  that  many 
outcrops  are  located  on  the  map*  These  are  generally,  out- 
crops of  special  importance  for  the  correlation  of  sections. 
The  horizon  lines  of  important  coal  beds  are  also  introduced. 
Such  a  line  is  shown  where  there  is  reason  to  believe  that  the 
particular  bed  is  actually  present.  Elsewhere  it  is  omitted,  to 
indicate  the  fact  that  the  existence  of  the  bed  is  not  recognized, 
even  though  there  is  no  geologic  break  between  the  two  areas, 
and,  strictly  speaking,  the  geologic  horizon  of  the  coal  bed  is 
still  present.  On  the  other  hand,  however,  for  manifest  reasons, 
no  allowance  is  made  in  the  location  of  the  horizon  line  for  the 
covering  of  superficial  material.  Thus,  where  the  thickness  of 
the  latter  is  great,  and  the  hill  slope  slight,  the  actual  limits  of 
a  coal  bed  are  well  wiihin  the  horizon  line  shown  on  the  map. 
This  accounts,  in  cases,  for  the  absence  of  coal  in  wells  or  drill 
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holes  within  the  limits  assigned  a  ooal  bed.  The  depth  of  such 
superfioial  material  is  so  variable  that  it  is  impossible  to  predi- 
cate jast  how  far  within  the  plotted  horizon  line  the  ooal  ter- 
minates at  all  points.  Sach  details  mnst  be  settled  by  obser- 
vation and  prospecting  at  each  locality.  This  influence  of  the 
superficial  material  must  always  be  considered  in  interpreting 
such  representation  of  horizon  lines. 

Ttie  report  accompanying  this  map  is  made  as  exhaustive 
as  the  status  of  the  work  of  the  Survey  will  permit.  It  includes 
the  results  immediately  relating  to  this  area  which  are  pub- 
lished in  reports  of  earlier  surveys,  in  addition  to  the  large 
amount  of  data  which  were  collected  along  with  the  recent 
mapping.  The  more  prominent  mineral  products  are  described 
in  greater  or  less  fullness,  in  proportion  to  their  importance. 
Some  of  these  will  be  subjects  of  further  investigation  in  the 
future,  but  it  was  deemed  inexpedient  lo  postpone  the  publica- 
tion of  the  sheet  report  until  this  supplementary  work  was 
completed. 

The  coal  analyses  were  all  made  by  Mr.  J.  D.  Robertson 
in  the  Survey  laboratory.  The  samples  are  originally  collected 
in  airtight  fruit  jars  and  are  preserved  in  these.  A  portion 
for  analysis  was  taken  from  such  a  jar  and  ground  to  a  powder, 
and  then  exposed  to  the  air  for  a  period  of  about  two  days  to 
rid  it  of  excessive  moisture.  The  moisture  was  determined  by 
subsequently  heating  in  an  air-bath  for  one  hour,  at  a  tempera- 
ture of  105°  to  110°  O.  The  volatile  hydrocarbon  was  deter- 
mined by  successively  heating  a  fresh  portion  of  the  coal  in  a 
closed  crucible,  for  3.\  minutes  over  the  Bunsen  burner  and 
then  over  the  blast  lamp;  the  tixed  carbon,  by  ignition  of  the 
remaining  carbon  or  coke  in  the  open  crucible.  The  total  sul- 
phur was  determined  by  the  Eschka  method ;  the  sulphur  in  the 
ash  by  fusion  with  potassium  and  sodium  carbonates  and  a  lit- 
tle potassium  nitrate,  solution  and  precipitation  as  barium  sul- 
phate. 

As  many  of  these  coals  contain  visibly  considerable  amounts 
of  selenite,  or  sulphate  of  lime,  it  was  thought  that  this  consti- 
tuent might  account  for  a  large  part  of  the  total  sulphur  con- 
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tained  in  Missoari  ooals.  To  decide  this  the  determinations  of 
the  snlphurin  the  ash  were  made.  The  difference  between  the 
total  salphar  and  the  salphar  in  the  ash  is  the  snlphar  which 
goes  off  in  the  combustion  of  the  coal,  and  may  thas  be  con- 
sidered the  deleterioas  salphur  in  most  processes  of  combustion. 
The  small  amounts  of  sulphur  which  the  analyses  show  to  exist 
in  the  ashes  make  these  determinations  of  less  value  industrially 
than  was  anticipated. 

Upon  the  section  sheet  accompanying  the  map  are  draw- 
ings prepared  from  the  records  of  various  drill-holes,  and  in  the 
text  are  descriptions  of  others.  These  records  are  mostly 
derived  from  work  with  the  churn  drill,  by  miners  or  well-drillers 
of  the  county.  With  some  only  imperfect  notes  were  preserved, 
and  with  few  could  actual  samples  of  the  drilliDgs  be  examined 
by  the  Survey.  The  results  are  presented  as  the  best  attainable, 
but  are  to  be  accepted  with  the  reservations  which  attach  them- 
selves to  all  data  so  derived. 

The  geology  of  the  area  was  specially  studied  by  the  writer, 
and  all  important  coal  openings  were  visited  by  him.  The  field 
work  for  the  topographic  map  was  done  by  Mr.  Leo  Gluck  and 
Mr.  C.  F.  Marbut  under  the  writer's  direction ;  in  addition  they 
located  the  various  coal  and  other  outcrops,  and  collected 
other  notes  which  have  been  incorporated  in  the  report.  Prof. 
J.  E.  Todd  made  a  special  study  of  the  Quaternary  deposits 
and  prepared  the  section  on  that  formation,  printed  herewith. 
Mr.  Gilbert  Van  Ingen,  of  the  U.  8.  Geological  Survey,  made 
certain  observations  on  the  Warrensburg  sandstone  which  are 
incorporated. 
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INTRODUCTION. 

AUKA    AM»    I.orATlMN  — UAII.WAY«»— T»)WNS— INDIsTKIKS. 

The  Hi^gJDBville  sheet  is  in  Lafayette  connty  and  is  named 
from  the  town  of  Higginsville,  located  in  the  sonthwestern 
portion  of  the  area. 
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ABBA  AND  LOOATION. 

Tbe  area  represented  by  the  sheet  is  a  qnadrilateral  of 
16'  extent  in  latitude  and  loogitade,  embracing  an  area  of 
231.67  sqoare  miles.  It  is  included  between  tbe  lines  39°  00' 
and  39°  15'  of  latitade,  and  the  lines  93°  30'  and  93°  45'  of  loogi- 
tnde  west  of  Greenwich,  Its  position  in  the  State  may  be 
termed  western-central,  Inasmncb  as  it  is  only  50  miles  east  of 
tbe  western  boaadary  of  the  Slate,  at  Kansas  City,  and  100 
and  ISO  miles  from  tbe  uorlhern  and  soutbera  bonadaries 
respectively.  It  lies  priooipally  south  of  tbe  Miesonri  river, 
that  stream  traversing  the  area  close  to  its  northern  boundary. 
It  covers  nearly  the  entire  half  of  Lafayette  coauty,  tbe  east- 
em  border  being  less  than  a  mile  weat  of  tbe  Lafayette-Saline 
connty  line,  and  the  southern  border  being  about  five  miles 
north  of  the  Lafayette- Johnson  oonnty  line.  North  of  tbe 
MisBoari  river  some  twenty  miles  of  Rij  connty  are  also  in- 
cloded.  The  location  with  reference  to  the  county  lines  is 
abowQ  on  tbe  following  diagram : 
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RAILWAYS. 

Three  railway  lines  traverse  the  sheet,  Damely :  the  Ohi- 
cago  &  AltOD  railway,  centrally  from  east  to  west,  through 
Alma,  Oorder  and  Higginsville;  the  Lexington  branch  of  the 
Missouri  Pacific,  across  the  southwestern  corner,  through  Aull- 
ville,  Higginsville  and  Page  City ;  and  the  Jefferson  City  & 
Boonville  branch  of  the  Missouri  Pacific,  across  the  northern 
portion  of  the  sheet,  along  the  south  bank  of  the  Missouri 
river.  The  Chicago  &  Alton  is  part  of  the  main  line  between 
Chicago  and  Kansas  City  ;  and  a  very  large  amount  of  freight 
passes  over  it  annually.  The  other  lines  are  branch  roads  of 
the  main  line,  and,  though  large  quantities  of  coal,  grain  and 
other  produce  are  shipped  over  them,  they  are  not  so  import- 
ant lines  of  traffic  as  is  the  Chicago  &  Alton. 

TOWNS. 

The  towns  and  villages  within  the  area  of  the  Higginsville 
sheet,  in  the  order  of  their  importance  are  : 

1.    Hlf?arlnsvlllp,  |K)pulatIon  about '2M2* 


2.  Corder, 

a.  Wnverly, 

4.  noFer, 

5.  Alma, 

6.  Aullvllle. 


1145* 

826* 

200  (?) 
,  179* 
.   100  (?) 


Higginsville  is  a  trade  center,  which,  like  all  other  towns 
of  this  country,  owes  its  existence  primarily  to  the  rich  agricul- 
tural lands  which  surround  it.  Its  prominence  is  largely  due 
to  the  fact  that  it  is  at  the  junction  of  .two  railway  lines.  The 
coal  mines  in  the  immediate  vicinity  give  employment  to  a  large 
number  of  its  citizens.  Another  prominent  industry  is  the 
drain-tile  and  brick  manufacture.  The  town  contains  a  large 
flouring  mill,  a  grain  elevator,  a  carriage  factory  and  warehouses 
for  fruit  storage. 

Oorder  is  largely  sapported  by  the  country  trade.  One 
coal  mine  is  operated  here,  which  is  also  a  large  contributor  to 
the  business  of  the  place.  One  flooring  mill  and  one  grain 
elevator  are  here. 

♦From  flKures  of  ttie  Eleventh  United  States  Census. 
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Waverly  was,  in  years  past,  when  the  river  traffic  was  active, 
a  large  shipping  point  and  a  place  of  mnch  basiness  activity 
and  prosperity.  Daring  late  years  it  has,  however,  retrograded 
and  is  sapported  only  by  a  meager  trade  derived  from  the 
adjacent  country.  Daring  the  past  year,  however,  the  discovery 
of  coal  at  this  point  has  started  mining  here  which  bids  fair  to 
cause  a  revival  of  prosperity. 

Dover  is,  like  Waverly,  an  old  town,  formerly  sapported 
by  the  river  trade,  bat  now  sank  into  a  dormant  condition.  No 
special  industries  characterize  the  place,  and  it  is  sapported 
merely  by  a  small  local  trade. 

Alma  is  a  place  only  a  few  years  old,  and  is,  at  present, 
merely  a  local  trade  and  shipping  point.  It  has  a  grain  elevator, 
and  drain-tiles  and  brick  are  also  manufactured  here. 

Aullville  is,  similarly,  only  a  small  local  trading  and  ship- 
ping point  with  a  grain  elevator  and  fruit  storage  warehouse. 

INDUSTBIBS. 

The  industries  of  the  area  are  chiefly  agriculture  and  min- 
ing. The  value  of  the  agricultural  products  is  much  in  excess 
of  those  from  mining,  the  area  being  in  one  of  the  most  fertile 
sections  of  the  State.  These  products  consist  chiefly  of  wheat 
and  corn,  and  in  addition  large  numbers  of  cattle  and  hogs  are 
raised  andshipped.f  Goal  is  the  only  mineral  substance  which 
is  mined  to  a  large  extent.  Clays  are  manufactured  at  a  num- 
ber of  points  into  drain-tile  and  brick,  as  already  indicated.  A 
few  small  quarries  have  also  been  opened  and  are  worked 
intermittently  for  local  uses,  and  in  connection  ^ith  railway 
construction ;  more  will  be  said  of  these  later. 

tAcconllngto  figures  collected  by  Hon  Wlllard  0.  Hall,  State  Labor  commis- 
sioner, the  values  of  the  various  products  slilpped  from  the  different  railway 
points  In  I^fayette  county  during  the  year  isiW  were.  In  round  numbers :  Wheat, 
$500,000;  corn,  JSO.OOO;  cattle,  $8HO,()0();  hogs,  $240,000;  coal,  $400,000. 


SUBPAOB  BBL1BP. 


PHYSIOGRAPHY. 


TOPOGRAPHY. 

Topographically,  the  area  represented  bj  the  HigginaTille 
abeet  is  a  plateau  id  which  erosion  has  proceeded  far.  It  is 
ill  what  is  called  A  "matare"  stage  of  topographic  development. 
A  drainage  eystem  is  well  developed,  and  base-leveling  is  in 
progress  along  the  Missoari  river  and  along  the  larger  of  the 
tributary  streams,  sach  aa  Tabo,  Davis  and  Salt  creeks.    It  is 
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composed  of  horizonal  strata  of  varying  degrees  of  hardness 
a  plateaa  situated  at  a  moderate  <dlevation  above  sea-level, 
and  durability,  overspread  by  a  thick  mantle  of  drift  which 
forms  a  soil  of  extreme  fertility,  and  located  in  a  region  of 
which  the  climate  is  most  condacive  to  the  growth  of  vegeta- 
tion. 

As  a  result  of  the  first  of  these  conditions,  the  moderate 
altitude,  the  differences  of  elevation  are  not  great.  The  alti- 
tude of  the  flood-plain  of  the  Missouri  river  varies  from  about 
660  ft.  A.  T.  to  630  ft.  A.  T.,  and  that  of  the  highest  summits 
is  about  900  ft.  A.  T.;  hence,  the  maximum  difference  is  a  little 
over  200  ft.  The  distribution  of  different  zones  of  elevation 
is  well  displayed  on  the  preceding  diagram. 

The  altitudes  of  the  flood  plains  of  the  principal  tributa- 
ries of  the  Missouri  are  in  the  vicinity  of  700  ft.  A.  T.,  which 
is  very  little  above  the  plain  of  that  river.  Hence,  it  will  be 
readily  understood  that  these  streams  can  corrade  or  lower 
their  channels  little,  if  any,  below  their  respective  levels.  For 
convenience  of  use  and  reference  the  following  table  of  alti- 
tudes is  here  introduced  : 

TABLK  OF  ALTITUDES  TO  THE  NEAREST  FOOT  OV   RAILWAY  STATIONS   IN   THE  AREA  OF 

THE  HIG(J1N.SVILLE  SHEET.* 

ALMA,  (;.  *  A.  iry 800  ft.  A.  T. 

AULLVILLE,  Mo.  p.  K'y 72*2  ••       " 

CORDER.  C.  &  A.  R'y 872  '*      " 

DOVER.  Mo.  P.  R'y ♦wi^  ••      " 

Edwards  station'  ,  Mo .  P.  K'y 075  •  •      " 

'V HU  •• 

y !S19  " 

PageCitt,  Mo.  P.  K'y 7W  "      '• 

As  a  result  of  the  condition  of  horizontality  of  the  strata 
we  have  the  irregularly  undulating  surface  and  the  broad,  flat- 
topped  hills.     Long,  narrow-crested  ridges  are  entirely  absent. 

Tiie  process  of  degradation  by  reason  of  the  conditions  of 
variable  hardness  and  variable  durability  of  the  strata  is  well 
displayed  along  the  Missouri  river,  where  active  erosion  has 
developed  a  line  of  steep  bluffs  over  100  feet  high,  in  which 
the  strata  of  limestone  or  shale  are  frequently  well  exposed. 

♦  On  ttie  topographic  map  accompanying  tills  report  many  details  of  eleva  • 
tlon  are  Inc^rpDrated.    Further  refenMice  to  such  is  hence  omitted  here. 


u,«,.,Nsv„.LK.  j^,;*;);,f;- 
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Here  the  disintegration  of  the  softer  rocks,  and  the  conseqaent 
andertnining  of  over-lying  hard  strata,  is  clearly  to  be  recog- 
nized as  the  controlling  action  of  erosion.  Away  from  this 
stream,  however,  binffs  and  steep  declivities  are  rare,  the 
country  is  more  what  is  called  rolling,  and  the  details  of  the 
effects  of  stratigraphy  are  hidden  by  the  mantle  like  covering 
of  loess.  The  climatic  conditions  and  the  abundant  vegeta- 
tion are  most  effective  here  in  retarding  the  work  of  erosion, 
and  preventing  the  formation  of  gallies  and  ravines.  Were  the 
country  arid  and  barren,  with  little  soil,  the  topography  would 
be  of  a  rugged  type,  consisting  of  flat-topped  hills  bounded 
by  abrupt  ravines  or  canyons  ;  the  characteristic  profile  would 
be  a  serrated  rather  thin  an  undulating  one. 

HYDBOaBAPHT. 

The  entire  area  of  the  sheet  is  part  of  the  drainage  basin 
of  the  Missouri  river.  This  stream  traverses  the  northern 
portion.  It  is  there  seen  to  be  bordered  by  broad,  alluvial 
plains  on  the  northern  side,  whereas  on  the  southern  side  it 
flows  close  to  the  bluffi.  It  was  at  one  time  a  great  avenue  of 
travel  and  a  source  of  support  to  the  various  small  towns  and 
villages  scattered  along  its  banks.  The  extension  of  railways 
has,  however,  now  reduced  river  traffic  to  a  minimum,  and  has 
caused  the  decay  of  many  of  these  small  centers  of  trade. 
The  depth  of  water  in  the  channel  is  very  fluctuating,  and  this 
has  also,  in  part,  caused  the  partial  abandonment  of  steam- 
boating.  During  the  spring  and  early  summer  months  the 
water  is  generally  high ;  while  during  the  late  autumn  and 
winter  months  it  is  generally  so  low  as  to  prevent  the  passage 
of  the  larger  freight  boats,  to  which  the  river  is  open  at  other 
seasons  of  the  year.  The  extent  and  distribution  of  sand-bars 
are  well  displayed  on  the  sheet,  and  the  obstruction  they  offer 
to  free  navigation  can  readily  be  imagined. 

The  principal  tributaries  of  the  Missouri  traversing  this 
area  are:    Tabo  creek,  Davis  creek  and  Salt  creek. 

Taho  creek  is  represented  in  the  northwestern  corner  just 
before  it  empties  into  the  river.     It  is  a  stream  only  about  15 
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miles  loDg,  which  rises  in  Lafayette  coaaty.  Within  the  area 
mapped  it  is  bordered  by  allavial  plains,  and  has  reached  its 
base  level. 

JDavis  creek  traverses  the  soathern  portion  of  the  sheet. 
It  also  rises  in  Lafayette  county,  abont  fifteen  miles  above 
Anllville,  and  it  empties  into  Black  fork  of  the  Lamine  river 
at  Sweet  Springs,  abont  fifteen  milles  below  Anllville.  Broad 
allnvial  plains,  of  great  fertility,  flank  the  stream  along  its  whole 
length  within  the  area  of  the  sheet.  It  is  to  be  noticed  that  the 
level  of  this  plain,  near  the  eastern  border,  is  not  more  than  15 
ft.  above  the  level  of  the  river  plain  immediately  north  of  this 
point.  Base  levelling  is  hence  in  progress  here,  and  corrasion 
of  the  channel  is  slight  or  nil. 

8alt  Creek  rises  within  the  limits  of  the  sheet  and  flows 
through  the  northeastern  corner.  It  constitutes  the  upper 
portion  of  the  Salt  fork  of  Lamine  river,  which  flows  through 
Saline  county,  and  empties  into  Black  fork  above  the  confluence 
of  the  latter  with  the  Lamine  river.  The  channel  of  this  stream, 
within  the  sheet,  is  some  20  ft.  higher  than  that  of  Davis  creek 
to  the  south,  despite  the  greater  proximity  of  the  former  to  the 
river.  Its  flood  plains  are,  hence,  narrower  and  corrasion  pro- 
bably more  active. 

In  general,  the  drainage  system  of  the  area  mapped  is  well 
developed  and  the  main  drainage  channels  permanently  estab- 
lished. The  general  outlines  of  the  drainage  areas  of  the  respec- 
tive streams  are  shown  in  the  small  cut  on  page  13,  represent- 
ing the  hypsometry  of  the  sheet. 

The  waters  of  the  streams  are  derived  from  surface  flows, 
or  from  percolation  through  the  superficial  clays  and  loams. 
1^0  large  springs  exist  here,  such  as  are  found  in  the  countries 
of  massive  limestone  beds ;  in  fact,  surface  springs  of  all  kinds 
are  scarce. 

SOILS. 

The  soils  may  be  divided  into  two  classes,  residuary  and 
foreign. 

Residuary  soils  are  such  as  have  resulted  from  the  decom- 
position or  decay  in  situ  of  the  country  rock,  and  are,  hence,  in 
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any  locality,  dependent  in  character  npon  the  nature  of  the 
underlying  rock.  All  rocks  are  decomposed,  to  a  greater  or 
less  extent,  through  the  action  of  surface  waters;  the  soluble 
constituents  are  carried  away,  while  the  insoluble  ones  remain 
and  constitute  the  soils.  Residuary  soils  are  represented  only 
over  small  portions  of  the  area  of  the  Higginsville  sheet.  They 
are  found  where  the  rock  is  near  the  surface,  along  hill  slopes 
where  the  wash  has  been  severe,  along  small  streams  of  which 
the  declivity  is  great.  Over  the  area  underlain  by  the  Warrens- 
burg  sandstone  such  soils  are  of  a  sandy  nature ;  over  the  sur- 
rounding areas,  underlain  by  shales  and  limestones,  they  are 
generally  argillaceous  and  may  be  calcareous. 

Foreign  soils  of  two  kinds  are  represented  here :  i.  e.,  soils 
derived  from  alluvium  and  soils  derived  from  drift. 

The  alluvial  soils  are  found  over  the  flood  plains  of  the 
Missouri  river  and  of  the  larger  tributaries.  They  are  composed 
of  the  silts  carried  down  the  streams  from  points  above  and 
deposited  over  the  plains  in  times  of  flood.  They  hence  are 
composed  exclusively  of  material  occurring  over  the  drainage 
areas  of  the  respective  streams,  though  a  large  portion  of  these 
may  be  derived  from  the  drift,  inasmuch  as  the  alluvium  is  of 
later  origin.  Such  alluvial  silts  are  generally  rich  in  organic 
matter  derived  from  the  remains  of  vegetation  transported  by 
the  waters.  They  are  light,  siliceous,  rich  loams,  and  they  make 
the  alluvial  plains  of  the  rivers,  where  well  drained,  the  most 
productive  farming  lands  in  the  State.  The  total  area  of  such 
lands  within  the  Higginsville  sheet  is  about  42  square  miles,  and 
of  this,  about  25  square  miles  is  north  of  the  river.  The  soils 
of  the  drift  occupy  by  far  the  greater  area.  The  exact  limits  of 
the  formation  are  described  on  subsequent  pages.  Within 
these  limits  it  is  everywhere  present,  excepting  where  the 
slopes  are  too  steep  for  any  soil  to  rest,  or  where  it  is  covered 
by  alluvium.  The  material  is  what  is  known  as  loess,  which  is 
normally  a  silt  of  light  gray  color,  composed  of  extremely  fine 
particles  of  quartz  and  associated  materials  which  are  found  in 
other  glacial  deposits.     They  are  derived  from  a  remote  source 

0-2 
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to  the  north  and  were  brought  to  their  present  locations  through 
glacial  action.  The  loess  is  the  finely  ground  portion  of  a  great 
mass  of  material  which  was  transported  by  the  glacier;  it  repre- 
sents the  portion  which  was  floated  away  by  water  from  the 
edge  of  the  glacier  and  deposited  over  the  bottom  of  a  great 
marginal  lake  or  stream.  It  is  porous,  homogeneous  and  pul- 
verulent and  constitutes  the  basis  of  a  most  admirable  soil.  It 
is  absorbent  and  yet  easily  drained ;  it  is  easily  tilled  and  is  free 
from  rocks.  To  this  glacial  covering  of  loess  the  country  owes 
its  distinction  as  a  rich  agricultural  region. 

The  color  of  the  soil  here  is  generally  rich  and  dark,  some- 
times almost  back.  This  is  not  the  original  color  of  the  mate- 
rials from  which  the  soil  is  derived,  but  is  an  acquired  one,  and 
does  not  generally  extend  below  the  depth  of  two  or  three 
feet.  The  origin  of  this  color  here  has  not  been  made  a  sub- 
ject of  exact  investigation,  but  what  seems  a  probable  expla- 
nation is,  that  it  is  due  largely  to  the  prairie  and  forest  fires 
which  were  once  so  common  here.  These  would  naturally 
cover  ground  with  charred  remains  of  giass  and  wood,  which 
would  impart  the  dark  color  to  subsequently  falling  rain-water, 
and  this,  iu  turn,  would  transmit  the  color  by  percolation  to 
lower  depths.  A  succession  of  such  fires  for  many  years  can 
readily  be  conceived  as  an  adequate  cause  for  the  coloration 
of  the  soil  to  depths  of  several  teet. 

FOEESTEY. 

The  greater  part  of  this  sheet  has  been  and  still  continues 
to  be  what  is  known  as  prairie  country,  and  is  destitute  of 
forest  trees.  Outside  of  certain  limited  areas  of  thin  and 
poor  soil  over  which  a  scrubby  growth  of  oak  has  sprung  up, 
timber  is  confined  to  the  neighborhood  of  the  streaojs. 

The  most  common  trees  found  here,  according  to  deter- 
minations made  by  Mr.  0.  F.  Marbut,  an  assistant  of  the  Sur- 
vey, are  the  black  oak  (Quercus  tinotora^  and  probably  Q.  coc- 
cinea  and  Q.  rubra),  the  white  oak  fQ,  alba  J,  the  water  oak 
(Q.  a(juatica),  the  laurel  oak  (Q.  mftncaria;,  the  slippery  elm 
^Ulmusfulva  J,  the  American  elm  (^t/.  Americana  J,  the  cotton- 
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wood  (PopuluB  moniliferaj,  the  white  maple  (Acer  dasyoarpum)^ 
and  the  linden  (Tilia  Americana  J,  Of  rarer  oecarrence  are  the 
Bwamp  white  oak  (Quercus  bicolorj^  the  black-jack  ('Q.  nigra), 
the  black  walnut  (Juglans  nigrajy  the  buckeye  (JBioulus  glabra)^ 
the  wild  cherry  fPrunus  PennsylvanicaJ,  the  red-bad  fCerois 
CanadensisJ,  the  pawpaw  fAsimina  Hriloha),  the  white  ash 
(Fraxinus  AmerioanusJ^  the  sycamore  or  button  wood  /"Platanus 
0€cidentali8,  very  rare),  and  the  hickory  (Oorga^^  very  few.) 

The  general  distribution  of  forest  trees  within  the  area  is 
shown  on  the  accompanying  outline  map. 

Concerning  the  distribution  of  the  trees  Mr.  Marbut  re- 
ports as  follows  :  ''  The  timber  of  the  area  of  the  Higginsville 
sheet  is  almost  wholly  confined  to  the  Missouri  river  blufifs 
and  to  a  narrow  belt  along  the  bottoms  of  Davis  and  Tabo 
creeks  and  their  tributaries.  A  little  timber  occurs  along  Salt 
creek  bottom  toward  its  upper  part;  but  most  of  the  bottom, 
after  its  course  changes  to  an  eastward  one,  is  open  excepting 
for  a  few  willows  on  the  banks. 

''  The  timber  belt  along  the  river  averages  about  two  miles 
in  width.  The  principal  growth  is  black-oak,  white-oak,  linden, 
elm,  Cottonwood,  with  scattered  post-oaks,  hickories,  black 
walnuts,  wild  cherries,  mulberries  and  blackberries,  and  a  few 
others  of  no  value  for  timber.  The  tops  of  the  ridges  are 
occupied  by  the  black-oaks  and  white-oaks,  though  the  white- 
oaks  are  more  frequent  on  the  hill-sides.  Post-oaks  are  very 
rare,  occurring  only  on  fiat  uplands.  The  linden  trees  are 
found  along  the  rich  hill-sides  and  in  the  bottoms.  They  grow 
to  a  very  large  size  and  are  used  for  lumber.  Elms  grow  in 
the  bottoms.  Black  walnut  timber  is  not  very  plentiful.  It  is 
sometimes  found  around  old  farm-houses  or  old  towns. 

''The  timber  belt  along  Tabo  creek  is  an  extension  of  the 
Missouri  river  belt;  but  as  one  proceeds  from  the  river  the 
tree  growth  changes.  The  trees  most  met  with  along  this  belt 
are  the  elms,  the  maple  and  the  laurel  (probably  willow  )  oak. 
This  oak  is  the  most  common  on  the  flat  bottoms  away  from 
the  vicinity  of  the  streams,  and  on  the  wet  lands  of  the  adjoin- 
ing uplands  and  tributaries. 
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"  The  timber  belt  along  Dftvis  creek  is  composed  princi- 
pally of  elms  and  oaks,  with  oottonwood,  black  waloat,  hickory, 
mulberry,  ash  and  cherry,  the  latter  being  somewhat  rare. 


"  Southwest  of  Oorder,  in  seotion  33,  township  60  N.,  2& 
W.,  and  in  sections  3,  4  and  5  of  township  49  K.,  25  W.,  is  a 
small  timber  area  consistiog  principally  of  black-oak,  which 
especially  characterizes  the  tops  and  sides  of  the  bills.  In  the 
creek  the  black-oaks  are  replaced  by  elms  and  willow-oaks. 
Continning  down  the  creek  toward  Anllville,  a  scrnbby  growth 
of  poBt'Oaks  replaces  the  above.    This  growth  is  found  in  the 
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western  part  of  sections  3  and  13,  and  in  the  eastern  part  of 
section  4,  township  49  N.,  25  W. 

''Along  the  largrer  streams  flowing  into  Davis  creek,  in 
township  49  N.,  24  W.,  is  a  growth  of  black-oaks  of  small  size, 
with  elms.  These  occur  generally  over  the  bottoms,  bat  along 
the  tops  of  the  hills  on  the  north  side  of  the  creek  is  a  growth 
of  scrubby  post-oak,  which  has  sprang  ap  in  the  sandy,  uncul- 
tivated soil. 

''The  growth  along  the  Missouri  Pacific  railway  between 
AuUville  and  Higginsville,  is  principally  elm  and  oak  (black) 
and  willow. 

''In  township  50  N.,  24  W.are  a  few  groves  of  oottonwood 
in  the  flat  bottoms  of  the  small  branches,  and  cottonwood 
trees  are  frequently  met  with  in  the  moist  rich  soil  of  the 
prairie  branches.  On  the  sand-bars  in  the  Missouri  river  are 
a  few  sycamores.  No  linn  trees  were  noted  excepting  along 
the  Missouri  river  blufifs.  Such  may,  however,  occur  scattered 
along  the  bottom  of  the  large  creeks.  White-oaks  are  rare, 
occurring,  so  far  as  remembered,  only  along  the  Missouri 
river  bluffs." 
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STBATiaBAPHIO  QBOt.OO'X'. 

The  formatiouB  represeoted  withiD  tbesrea  of  the  Higgine- 
Tille  sheet  are  clastic  or  stratified  rocke  and  euperflcial  deposits. 
The  clastic  rooks  belong  to  the  Carbooiferons  period,  and  to 
the  Coal  Measare  dmsiOQ  of  that  period,  of  which  the  lower 
and  middle  sobdiTistons  aod  the  WarrensbDrg  eaodstODe  occar 
at  the  snrfkce.  The  snperflcisl  depoeits  belong  to  the  Pleisto- 
cene or  Qnateroar;  period  and  ioclade  glacial  drift,  Loess  and 
Alloviam.  DiagramaticsUy  the  classification  of  the  rocks  fonnd 
here  may  be  represented  as  follows : 


'arrciiabu  rg  ^ndstor 


(.'arl>onlferouG. 


Middle  voai  Men 


I>1a([iam  showing  the  U^oIokIouI  for  mat  Ion  ti  exposed  111  the  Kl)i:iiltis- 


THB  LOWBK  COAL  MBA8UBES. 

The  Lower  Coal  Measnre  rocks  are  exposed  onl;  over  a 
small  part  of  the  area  described,  they  being  confined  to  the 
low-lying  portions  along  the  etreame,  mostly  below  the  750  ft, 
contoor  line.  The  total  snpeiflcial  area  within  which  these 
rocks  reach  the  snrface  is  about  JS3  sq.  miles,  distributed  along 
the  Missouri  liver,  along  Davis  creek,  along  Salt  creek  and 
along  a  fork  of  Tabo  creek,  as  is  shown  on  the  map. 
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The  line  of  delimitation  here,  between  this  formation  and 
the  overlying  Middle  Goal  Measures,  is  placed  at  about  70  ft. 
below  the  Lexington  coal  bed,  or  about  20  ft.  below  the  Mulky 
coal  bed,  both  of  which  are  included  in  the  latter  formation.* 

The  maximum  thickness  of  the  formation  exposed  at  the 
surface  here  is  not  much  more  than  60  ft,  and  the  maximum 
thickness  penetrated  at  any  one  point  is  about  225  ft.  This  is, 
however,  not  the  total  thickness  of  the  formation  here,  for  the 
Lower  Carboniferous  rocks  were  not  reached. 

The  rocks  composing  the  various  sections  consist  of  shales, 
sandstones,  clays,  limestones  and  coals.  The  shales  predomi- 
nate and  are  frequently  arenaceous ;  sandstones  are  probably 
more  abundant  and  limestones  less  frequent  than  in  the  over- 
lying Middle  Goal  Measures.  In  the  southeastern  portion  of 
the  sheet  a  sandstone  bed,  10  or  more  feet  in  thickness,  is 
taken  as  the  uppermost  bed  of  the  Lower  Goal  Measures. 
This  is,  however,  not  persistent, and  the  transitions  which  have 
been  observed  of  sandstone  into  shale  lead  one  to  the  belief 
that  none  of  the  sandstone  beds  of  this  formation  can  be 
ligidly  used  for  purposes  of  correlation.! 

In  illustration  of  the  character  and  succession  of  the  strata 
of  this  formation,  the  following  series  of  sections  is  given : 

•  In  adopting  this  position  for  the  line  of  division  In  the  Hl^^lnsvllle  sheet, 
we  have  followed  Swallow's  an«l  Broadhead's  guidance.  (vSee  Report  Mo.  Geo- 
logical Survey,  1H55,  p.  Kr»,  and  HPi)ort  1n72,  Part  II,  p  H.i  and  tables  opposite  p.  1H4 
and  p.  420.)  The  dertnl' Ion  of  this  line  has  never  been  exactly  expressed,  and 
the  so-called  Lower  Coal  Measure  area  In  this  State  Is,  to  a  certain  extent,  an  un- 
known tiuantlty .  The  reasons  for  this  are  probably  certain  errors  In  correlatlnj; 
exposures  whlcfi  Swa'low  wa^  led  Into,  which  will  hereinafter  be  referred  to. 
Whether  the  stratlgraphlc  conditions  will  permit  of  our  carrying  the  horizon 
line  here  adopted  across  the  whole  State,  can  be  proved  only  by  the  extension  of 
detailed  work.  If  this  l)e  found  possible,  the  «|uestlon  will  still  remain  as  to 
whether  either  the  faunal  or  llthologic  characteristics  of  this  assumed  subdivis- 
ion of  the  Coal  Measures  call  for  Its  formal  dlfTerentlatlon  from  the  overlying  por- 
tions of  the  formation.  For  the  present  It  Is  accepted,  provisionally  and  largely 
from  considerations  of  convenience  In  describing  the  great  body  of  Coal  Meas- 
ure strata. 

t  Both  Swallow  (Op.  Clt.,  p.  W5)  and  Broadhead  (Op.  Clt.,  p.  5)  described 
a  bed  of  sandstone,  some  IT)  fe<*t  thick,  as  constituting  the  uppermost  bed  of  the 
I^wer  Coal  Measures.  The  sandstones  at  Warrensburg,  at  Hlgglnsvllle  and  on 
Tabo  creek  they  recognize  as  belonging  to  this  bed.  The  recent  work  of  the  Sur- 
vey has  demonstrated  that  the  sandstones  occurring  at  these  localities  belong 
much  higher  up  In  the  section,  as  will  be  explained  later,  and  that  their  great 
thicknesses  are  due  to  the  peculiar  conditions  of  their  deposition.  The  sand- 
stone above  referred  to  by  the  writer  as  near  the  top  of  the  Lower  Coal  Measures 
Is  not  to  be  confounded  with  these  massive  deposits. 
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Sections  along  the  Missouri  river. — The  best  exposares  of 
these  rocks  are  a1oDf2f  the  Missoari  river  blaffcs,  as  displayed  in 
the  cross  sections  A-B-Cand  D-E-F.  About  a  mile  east  of  the 
sheet  limits,  near  the  middle  of  section  13,  township  5L  N.,  24 
W.,  Edwin  Harrison  notes  the  occurrence  of  yellow,  mica- 
ceous, sandy  shale  about  40  feet  above  the  level  of  the  rail- 
way,* which  is  probably  the  superior  bed  of  the  Lower  Ooal 
Measures. 

The  rocks  above  railway  and  river  level  at  Waverly  are 
hidden  from  view  by  a  mantle  of  Loess  over  100  feet  thick. 
The  line  between  the  Lower  and  Middle  Goal  Measures  is 
placed  here  at  about  50  feet  above  the  railway.  About  a  quarter 
of  a  mile  above  the  station  is  the  shaft  of  the  Waverly  Goal 
and  Mining  Gompany.  The  top  of  the  shaft  is  about  10  feet 
above  the  railway  and  it  is  102  feet  deep.  It  is  consequently 
entirely  in  the  Lower  Goal  Measures.  A  complete  record  of 
this  shaft  could  not  be  obtained,  but  the  following  notes  were 
furnished  by  the  pit-boss : 

Section  I. 

SHAFT  OF  TIIK  WAVKULY  COAL  AND   MINIXiJ   <:OMI*VNY, 

A  quarter  of  a  milt  Kaxt  of  Waverly. 
Top  of  ihaft  about  JO  feet  above  raUvray  level. 

Interval  to  top  of  Ix)wer  (?oal  Measures  about  30  feet  Ft.    In. 

1.  Interval 30 

2.  C'(»AL  and  Shale  .' 1 

a.    Interval 37 

4.  CoAi 7 

5.  Interval 15 

f).  Coal 5 

7.  Interval i\ 

H.  Coal 5 

9.  Interval 5 

10.  COAL s 

11 .  Shale ,  gray,  sandy fi 

12.  Shale,  black,  tough 1         fi 

IH.  Coal  (  Wavtrty  coat  bed,  operated)  3 

14.  Shale,  gray, tandy 4        10 

15.  Shale,  ^ray iw 

10.  Shale,  blue-black 3 

17.  Shale,  black,  hard 4 


Total  thickness 13«  5 


*Thls  and  succeeding  references  to  observations  of  Mr  Edwin  Harrison 
are  taken  from  carefully  prepared  manuscript  notes  which  are  now  on  tile  In  the 
Survey  oflflce.  These  notes  were  written  out  by  him  In  the  year  l^5!»,  when  he 
iisslsted  Dr.  J.  G.  Norwood  In  the  examination  of  I^afayctte  county.  Dr.  IJ.  F. 
:shumard  was  associated  with  Mr.  Harrison  In  this  work. 
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The  frequency  of  coal  beds  here  is  especially  noteworthy, 
as  are,  farther,  the  absence  of  limestone  beds  and  the  preva- 
lence of  shale  near  the  coal. 

Aboat  a  quarter  of  a  mile  west  of  this,  near  the  depot,  a 
trial  shaft  was  pat  down  to  a  depth  of  nearly  a  hundred  feet. 
Of  this  shaft  the  following  section  was  obtained  from  the  super- 
intendent: 

\Skction  II.  (No.  2  of  Section  Sheet). 

TRIAL  8IIAFT  OF  THK  MIDDLRTON  COAL  COMPANY, 

On  river  bank  at  railway  Nation. 
Top  of  »haft  about  10  feet  below  railiray  level. 

Interval  to  top  of  I>o\ver  Coal  Measures  about  50  feet.  Feet.    Inches. 

1 .  Soil  and  loam  14 

2.  Sand 4 

3.  Shale,  greenish,  mth  concretions '6         6 

4.  Shale,  black,  hard 2  to  3 

5.  Coal  1 

6.  ir>YiQ\e,  black,  soft 2  to  3 

7.  Shale ,</ ray 8 

S.  Limestone,  dark  gray 2 

9.  Shale,  ^ray H 

10.  C'OAL 1 

11.  Clay 2 

12.  Shale 17        3 

13.  Limestone 4        6 

14.  Shale,  dark  brotrn,  black  near  bottom  icith  lamina^  of  coal 10 

15.  Coal  (IFaverly  bed,  operated) 3 

16.  Clay 


Total  thickness 75        0 

About  half  a  mile  west  of  the  depot,  a  thin  seam  of  coal, 
about  9  inches  thick,  crops  out  in  the  railway  cut,  about  2  feet 
above  the  track.  This  must  be  a  superior  bed  to  any  of  those 
cited  in  the  preceding  sections. 

Nearly  half  a  mile  beyond  the  last,  at  the  mouth  of  Glad- 
dish  branch,  which  empties  into  the  river  just  west  of  Waverly, 
the  following  section  was  measured : 

Section  III. 

OITCROI*  AT  MOUTH  OF  (tLADDISH    BHANCH 

Top  of  section  is  about  'Jftfeet  above  level  of  railway. 

Interval  to  top  of  Lower  Coal  Measures  about  20  feet.  Feet.  Inches. 

1.  Shale,  rfraft 20 

2.  Shale,  black 4 

3.  Coal  ( IVy  level) 7 

4.  Shale,  blue 18 

5.  Shales,  Wueanrfft/aclr 2  G 

«.     ^YiS^e ^  black ,  fissile 1  fi 


Total  thickness 42         ii 
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The  coal  of  this  section  we  correlate  with  that  last  men- 
tioned. At  this  point  another  shaft  has  been  sunk  to  the 
Waverly  coal  bed.  The  top  of  the  shaft  is  about  on  a  level 
.with  the  railway,  and  it  is  105  feet  deep.  ( See  detail  of  coal 
bed  on  section  sheet.) 

About  a  mile  farther  west,  at  the  month  of  the  McAffee 
branch,  and  nearly  half  a  mile  east  of  the  line  between  sec* 
tions  16  and  17,  a  bed  of  coal,  about  9  inches  thick,  overlain 
by  shales,  is  again  encountered,  nearly  10  feet  below  the  rail- 
way level.  This  we  also  correlate  with  the  coal  bed  of  Sec- 
tion III.  Some  600  feet  beyond  this  to  the  west,  the  following 
section  was  measured : 

Section  IV. 

OUTCROP  NEAR  MOUTH  OF  THE  M'AFFEE  BRANCH. 

Top  Of  section  is  about  30 feet  abort  the  railway. 
Bottom  of  section  is  about  10  feet  above  coal  last  described. 

Interval  to  top  of  Ix>wer  Coal  Measures  about  10  feet.  Feet.  Inches. 

1.  Sandstone 2 

2.  Shale,  blue  and  gray IS 

3.  Sandstone,  <rre^ar 1  6 

4.  Shale,  blue  and  arenaceous 6 

Total  thickness 27  6 

Beyond  this,  along  the  railway,  for  a  distance  of  a  mile  and 
a  half,  to  the  line  between  sections  17  and  L8,  shales  are  exposed 
at  frequent  intervals  in  the  railway  cuts,  sometimes  to  a  thick- 
ness of  25  feet.  At  a  few  points,  coal  smut  is  noticeable,  a  few 
feet  above  the  level  of  the  railway,  and  this  is  assignable  to  a 
bed  overlying  the  coal  of  Section  III. 

At  the  point  where  the  line  between  sections  17  and  18 
reaches  the  river,  the  following  section  was  measured  in  the 
bluffs : 

Section  V.     (  No.  3  of  Section  Sheet.) 

SECTION  OF   MISSOURI  RIVER   BLIFF,  IX   N.  R.    CORNER  OF  SE<:TI0X   18. 

Top  of  section  is  about  oO  feet  above  the  rail  tray. 

Middle  Coal  Measures.  Feet.    Inches. 

1.  Shale,  j^raj^ 3 

2.  Limestone,  compact 2 

3.  Shale,  darik 2  i) 

4.  Shale,  black;  fissile 1  ♦> 

T).  Co.Kl.  (Mulky  bed) P* 

H.  Fire-clay  and  concealed 10 

7.    Sliale t  gray ,  argillaceous 2<J 
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Lower  Coal  Measures.  Feet.    Inches. 

H.  Sandstone,  micacemis  (quarried  for  l)rldge  piers)  4  to 5 

9.  Shale,  drab 10 

10.  Coal,  &ilumim>u«  (at  railway  level) li 

11 .  Concealed 13 

12.  Shale,  black,  JUgUt 1 

13.  Coal.  »A<i/y  ("cannel") 10 

U.  Concealed 4 

15.    Sandstone,  6/um/i  (at  water  level) 2 


Total  thickness 74  8>, 

The  coal  bed  numbered  5  we  correlate  with  the  Malky  bed, 
developed  on  Malky  creek,  between  AuUville  and  Concordia, 
near  the  south  line  of  the  sheet.  The  sandstone  numbered  8 
we  class  as  the  top  member  of  the  Lower  Goal  Measures,  which 
is,  hence,  about  15  feet  above  the  railway  track.  The  coal 
numbered  10  is  exposed  farther  east  by  the  coal  smut  in  the 
shales  above  referred  to,  while  the  coal  numbered  13  we  con- 
sider the  equivalent  of  the  coal  numbered  3  in  Section  III. 

Less  than  half  a  mile  west  of  the  last  section  a  churn  drill- 
hole was  recently  put  down  by  Mr.  H.  S.  Van  Anglen,  to  a 
depth  of  about  200. 

A  few  hundred  feet  west  of  the  ravine  in  which  this  drill- 
hole is  situated,  at  the  mouth  of  a  small  branch,  the  coal  bed 
numbered  10,  of  Section  Y,  is  again  exposed  below  the  railway 
level;  it  measures  only  a  few  inches  in  thickness,  however;  it 
is  immediately  underlain  by  a  stratum  of  limestone  two  or  three 
feet  thick,  and  is  overlain  by  gray  shale. 

In  the  next  ravine  to  the  west,  perhaps  500  feet  distant, 
several  openings  have  been  made  in  thin  coal  beds  which  occur 
there  not  far  above  the  river  level.  These  we  correlate  with 
those  numbered  10  and  13  in  Section  Y.  Farther  up  this  same 
gully,  less  than  half  a  mile  to  the  south,  is  a  massive  body  of 
sandstone,  exposed  at  the  Davis  quarry,  underlain  by  shale. 
Here  the  following  section  was  measured: 

Skctiox  VI. 

(>l :T<K0I'  at   DAVIS  yr.VRKY. 

Top  of  section  i»  about  no  feet  above  the  railtray. 

Feet.  Inches. 

1.  Limestone,  6/ue 1  8 

2.  Sandstone,  $haly 1  a 

3.  Sandstone,  j/«//o>r.  mjcaceoM« 12 

4.  Shale,  rfarA-rfrafc 20 


Total  thickness 34  (> 
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From  the  data  of  the  sections  previously  described,  the 
top  of  the  Lower  Goal  Measures  is  less  than  20  feet  above  the 
railway  here,  or  more  than  40  feet  below  the  top  of  this  sec- 
tion. According  to  this,  the  whole  of  Section  YI  should  be 
included  in  the  Middle  Goal  Measures  near  its  base.  Such 
strata  are  not  recognized  elsewhere  as  basal  members  of  that 
division,  and  further,  they  are  not  represented  in  the  closely 
adjoining  Section  Y. 

The  continuity  of  the  lower  beds  of  Section  Y  beneath 
Section  YI  precludes  the  idea  of  a  fault  here,  and  we  are, 
hence,  forced  to  the  conclusion,  either  that  a  rapid  change  has 
taken  place  here  in  the  lower  members  of  the  Middle  Goal 
Measures,  or  that  the  members  of  the  above  section  belong  to 
the  class  of  channel  deposits  later  to  be  described. 

Nearly  a  quarter  of  a  mile  farther  west  is  a  long  railway 
cut,  in  which  the  following  section  was  measured : 

SECTfox  VH.     (Xo.  4  of  Section  Sheet.) 

OITCUOr  IN  RAILWAY   CUT  WKST  OF   I>AVI8'  gUARRY. 

Top  of  section  U  about  2H  feet  above  the  railiray. 

Interval  to  top  of  Lower  Coal  Measures  at)Out  15  feet.  Feet.  Inches. 

1.  shale,  ^ro// . ..      3 

2.  VoKljtbUuinitwua 6 

3.  Clay 1 

4.  Llmetone,  cow/Mic^ 2  6 

r>.    Concealed 15 

«.     Shale,  black,  jistiie 1 

7.  i'o\L,  bitumii^ouM 10 

8.  Clay  (railiray  level) 3 

Total  thickness 26  lo 

The  coal  numbered  7  we  correlate  with  No.  10  of  Section 
Y.  Nearly  half  a  mile  farther  west,  beyond  where  the  range 
line  between  townships  24  W,  and  25  W.  comes  down  to  the 
river,  the  following  section  was  measured,  at  what  is  known  as 
the  locality  of  the  old  Grawford  coal  mine : 

Sk<ti<)N  VIII.    (No.  5  of  section  Sheet.) 

OUTCHOI'  IN   RIVKR  BLUFF  AT  <;RAWFORi>   MINE. 

Top  of  section  is  about  l^fffeet  above  the  raibray. 

Feet.  Inches. 

1 .  Shale ,  sandy 10 

2.  Sandstone,  micacemm^  yellow  (railtcay  level) 10 

H.  Concealed  (sandstone  blocks)  15 

4.  Sheile,  dark  and  drab 2 

.")     Limestone  (  ? ) ,  dark 5 

6.     inhale,  black,  Jissile 1  3 
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Feet.  Inches. 

7.  Coal  ( '*cannel ")  and  slate 1  1 

8.  Coal,  bituminom  (trater  level) 1  3 

Total  thiclcness 46  0 

The  ooal  nambered  7  and  8  we  correlate  with  No.  13  of 
Section  Y.  The  sandstone  nambered  2  is  probably  the  eqaiva- 
lent  of  No.  8  of  Section  Y,  much  aagmented  in  thickness.  The 
absence  of  this  sandstone  in  Section  YII  may  be  explained,  in 
part,  that  it  is  there  more  attenuated,  and,  in  part,  that  it  is  in- 
claded  in  the  concealed  interval  nambered  5.  It  is  possible, 
however,  that  this  sandstone  is  part  of  a  channel  deposit  sach 
as  was  suggested  in  the  case  of  the  sandstone  of  Section  YL* 
The  coal  here  was  dug  from  the  river  bed  over  40  years  ago, 
and  hence  the  locality  is  known  as  the  old  Crawford  mine. 

The  sandstone  crops  out  continuously  beyond  this  for  a 
distance  of  about  a  quarter  of  a  mile.  After  this  no  further 
outcrops  of  Lower  Goal  Measure  rocks  are  observed  until 
Edwards  station  is  reached.  Here  a  shaft  was  sunk  by  the 
Kiverside  Goal  Oompany,  about  a  year  ago,  to  a  depth  of  93 
feet  in  Lower  Goal  Measure  rocks.  A  complete,  reliable  record 
could  not  be  obtained  of  this,  and  the  following  information  is 
compiled  from  memoranda  of  the  drillers  and  shaft  men  : 

^SE('TIo^•  IX.    (Xo.  Oof  Section  Sheet.) 

KKCOHI)  OF  SHAFT   AT   KDWAHDS   STATION. 

Top  of  ihuft  is  about  2(i  feet  above  the  railwaf/. 

Interval  to  top  of  Lower  Coal  Measures  Is  about  10  feet.  Feet.  Inches. 

1.  Superficial  material 15 

2.  Shale 15 

a.    Coal ♦; 

4 .  Shale ,  sandy  and  micaceous 40 

5.  Coal,  «/a<^ 6 

6.  Clay 3 

7.  Limestone  (?) H 

H.  ^hale  and  clay .^ 

9.  Limestone  (  ?  )  pyritiferous,  clayey  and  fossil  if erous 1  s 

10.  Shale,  black 2 

11.  inhale t  hard,  calcareous,  black 10 

12.  Shale,  black,  fismle 2 

13.  Vo  XL  t  bUit  mi  nous  (operated)    1  3 

14.  Clay 4  fi 


Total  thickness 92 


♦Kdwln  Harrison,  in  his  notes  in  the  survey  office,  refers  to  this  sandstone 
as  of  Lower  Coal  Measure  a^eand  correlates  It  with  the  sandstone  found  at  Berlin, 
near  the  mouth  of  Tnbo  creek,  later  to  be  described.  Some  black  shale  which  he 
found  at  the  base  of  this  sandstone  he  attributes  to  a  **sllde"  from  shale  overly- 
ing the  latter. 
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The  top  of  this  shaft  we  place  near  the  top  of  the  Lower 
Goal  Measures  here,  bat  we  cannot  attempt  to  correlate  either 
of  the  coal  seams  with  those  of  preceding  sections,  and  in  fact, 
doabt  whether  an  actual  connection  exists.  We  do  not  recog- 
nize the  bed  at  the  bottom  of  the  shaft  as  the  Waverly  bed, 
bat  are  of  the  opinion  that  the  latter  belongc  to  a  lower  horizon. 

About  a  quarter  of  a  mile  west  of  Edwards  station,  the 
following  section  was  exposed  in  the  railway  cut : 

Section  X. 

Ol'Ti'ROr  WEST  OF  EDWARDS   STATI<»X. 

Top  of  section  is  about  IS  feet  above  railway  lerel. 

Interval  to  top  of  Ix>wer  Coal  Measures  about  10  feet.  Feet.  Inches. 

1.  Limestone,  </aril' 1  8 

2.  Shale 1  4 

3.  Ck)nceale(l   1 

4  Shale,  blcwk- 6 

5.  Clay,  6/ue 5 

«.  Concealed 2  6 

7.  Coal  smut 2 

H.  Shale  and  concealed 5 


Total  thickness 16  9 

Near  this  same  point,  Mr.  0.  J.  Norwood  measured  the  fol- 
lowing section  :t 

SKCTiox  XI.     (Section  29  Of  Report  1H72.) 

NORWOOD   .SKfTION   WEST  OF   KDWARD.S   STATION. 

Feet.  Inches. 

1 .  I^ng  slope,  (the  Le.ringtov  coal  should  occur  here  7.7  feet  above  the  river 

bottom)  55 

2.  Limestone,  rough ,  ffrai/,  yellotrish  drab  in  parts 15 

H.     .Slope 25 

4.  Shales,  Aarrf 5 

5.  Limestone,  n^/t^  blue,  pijritiferous,  shelly  on  top,  Fiimlina  cylindrica,  etc  U\ 

T).  Shale ,  bitttminouH IH 

7 .  Slope ,  place  for  7-in.  bed  of  Lerington  section 5 

H.  Limestone,  blue,  three  layers « 

y.  Clay,  Wue 5 

10.  Limestone,  light  iftlloicish  drab,  one  bed  contains  Ch .  mesololm  2 

11 .  Shale,  calcareous  (passing  into  a  limestone) ,  containing  concretions 1 

12.  Slope  to  bottom 22 


Total  thickness 124  7 

The  top  of  the  Lower  Coal  Measures  should  be  not  far 
above  the  lowest  member  of  this  section.  East  of  this,  to 
Tabo  creek  and  to  the  limits  of  the  sheet,  only  a  few  scattered 

t  Report  Mo.  Geol   Survey,  1872.  l*art  II,  p   4'J. 
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exposares  of  limestone  and  shale  were  observed  at  a  low 
enoagh  level  to  be  included  in  the  Lower  Goal  Measures.  The 
Lexington  coal  bed  comes  in  in  the  blaffs  east  of  Edwards  sta- 
tion at  an  altitude  of  about  800  feet  A.  T.  or  about  100  feet 
above  the  railway,  and  declines  thence  gently  westward,  the 
upper  limit  of  the  underlying  Lower  Goal  Measures  becoming 
depressed  correspondingly  until  it  sinks  beneath  the  level  of 
the  river  plain. 

Sections  along  Salt  creek  and  adjacent  to  Tabo  creek, — Along 
Salt  creek  and  in  the  small  area  of  Lower  Goal  Measure  rocks 
on  the  fork  of  the  Tabo  creek,  east  of  Davis  creek,  no  expo- 
sures of  that  formation  occur,  inasmuch  as  the  upper  line  is  in 
both  localities  very  little  above  the  level  of  the  alluvial  plain 
of  the  respective  streams. 

South  of  Davis  creek,  in  the  southeastern  corner  of  sec- 
tion 4,  township  50  N.,  20  W.,  is  a  churn-drilled  well  on  the 
Oatron  place,  over  300  feet  deep.  Xo  detailed  record  could  be 
obtained  of  this  drilling,  but  the  following  notes  were  given  by 
the  driller : 

Skctiox  XII.    (No.  1  of  Section  Sheet.) 

KECORD   OF  CATKOK   W KLI.  (ffrilied  ) . 

Altitude  of  top  of  irell  about  ItfO  feet  A .  T. 

Feet.  Inches. 

1.  Superflclal  material 4<) 

2.  Shale 20 

3.  Limestone 9 

4.  Shale 1  0 

5.  Coal l  6 

r  20 

6      ^\iA\e., rith  strata  Of  nmestone Co  al  *ili  eII?!- KES 

I  160 

7.  Coal  (probably  the  Warerly  bed) H 

8.  Interval 45 

9.  Sandstone 12 


Total  thickness H12  o 

Sections  along  Davis  cr^efc.— North  of  Davis  creek,  in  the 
eastern  portion  of  the  sheet,  the  Lower  Goal  Measure  rocks 
are  exposed,  but  no  continuous  sections  can  be  measured  at 
any  one  point.  The  records  of  a  few  wells  obtained  here  give 
the  most  comprehensive  results.  The  sandstone  which  consti- 
tutes the  superior  layer  of  the  formation  is  exposed  at  a  nnm- 
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ber  of  localities.  The  .points  of  its  most  conspicaoas  ooonr- 
rence  are  in  the  road  in  the  N.  E.  i  of  section  10,  township  49 
N.,  24  W.,  where  it  is  aboat  20  feet  below  the  Malky  coal  bed 
at  the  Oorder  shaft,  a  mile  north ;  again  on  the  branch  in  the 
N.  W.  i  of  section  16  of  the  same  township  it  is  exposed,  and 
on  the  hillside,  in  the  S.  W.  i  of  section  7,  where  several  small 
qaarries  have  been  opened  for  local  uses.  IntheN.  E.i  of 
section  23  of  township  49  N.,  25  W.,  it  has  also  been  qaarried 
to  a  small  extent.  The  sandstone  at  these  localities  is  uniformly 
of  a  baff  color,  is  ferraginons  and  micaceous,  and  of  a  soft 
texture;  it  occurs  generally  in  layers  ranging  from  6  to  IS 
inches  in  thickness. 

At  the  Eckoff  well,  dug  near  the  middle  of  section  22^ 
township  49  N.,  24  W.,  the  following  section  was  reported  : 

Section  XIII. 

RECORD  OF  KCKOFF  WELL  (dug). 

Altitude  of  top  of  well  about  704  feet  A .  T. 

Interval  to  top  of  Lower  Coal  Measures  about  40  feet.  Feet.  Inches. 

1.  Superficial  material 30 

2.  Shale  and  white  limestone  (?) 25 

H.    Shale,  black 1 

4.    Coal 6 

Total  thickness 56  6 

At  the  Hoelscher  well,  in  the  S.  W.  i  of  section  15  of  the 
same  township,  and  about  a  mile  northwest  of  the  last,  the  fol- 
lowing section  was  obtained  from  the  owner  of  the  land: 

Section  XIV. 

KEC(>KI>  OF  lIOKL.SCHKIt   WKLL  (dug). 

Altitude  of  top  of  well  about  11  (t  feet  A.  T. 

Feet.       Inches. 

1 .  Superficial  material 6 

2.  Shale,  yellowish  12 

8.    Shale  and  sandstone.  In  strata  2  feet  thick \  '^?!\ , 'iJ'    '^V.yjTF." 

Coal  Mkanl  RKs. 

I.     30 

4.  COAL i 

5.  Kock 7 

Total  thickness 6a 

The  bed  of  coal  (No.  4)  crops  out  in  the  adjacent  gullies, 
and  is  seen  to  be  of  about  the  thickness  given  in  the  well,  and 
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to  be  overlain  by  a  bed  of  black,  oalcareous  limestone,  some 
6  inches  thick. 

In  township  49  N.,  25  W.,  the  division  line  between  the 
Middle  and  Lower  Goal  Measures  sinks  so  low  topographically 
as  to  be  very  little  above  the  level  of  the  creek  bottoms; 
hence,  no  exposures  exist  here  from  which  sections  can  be  con- 
structed. At  Aullville,  however,  within  the  Middle  Goal  Meas- 
ure area,  but  near  its  margin,  a  churn-drill  hole  was  sunk  by 
Messrs.  Roberts  and  Graham  to  a  depth  of  over  200  feet,  of 
which  the  following  is  a  copy  of  the  record  kept  by  the  drillers 
and  furnished  by  Mr.  Robert  Anderson  : 

SECTION  XV.    (No.  21  Of  Section  Sheet  ) 

REi'OKD  OF  AULLVILLE  1>RILL- HOLK. 

Aliunde  of  top  of  irell  abottt  T 'JO  feet  A.  T.  (at  raihraij  level.) 

Feet.        Inches. 

1 .  Superficial  material :m) 

2.  Coal  (proftably  Mulky  bed) k 

:^.    Sandstone  (probably  ghale) 5  6 

4.  Sandstone  and  shale 4  10 

5.  f^hale.  black- and  bine rcLL^Klfl^KS, 

[  28 

fi.  Limestone  and  shale r>  6 

7.  Shale 45 

H.  shale ,  bituminona 2 

9.  Shale 11 

10.  Limestone s 

11 .  Shale W 

12.  Limestone  .  4 

IS.  Sandstone,  micaceous 21 

14.  Shale  and  limestone (>  r. 

15.  Coal  (probably  Waverly  bed) 2  4 

1«.    Shale H 

Total  thickness 205  s 

THE   MIDDLE   OOAL   MEASURES. 

The  strata  of  the  Middle  Goal  Measures  occupy  the  greater 
portion  of  the  area  south  of  the  river;  they  immediately  underlie 
the  surface  of  all  the  upland  country  east  of  the  line  of  the 
Warrensburg  sandstone,  and  of  a  few  square  miles  west  of 
that  formation.  The  boundary  lines  of  this  formation  are  so 
clearly  marked  on  the  map  that  no  further  description  seems 
necessary  here.  The  dividing  line  between  this  group  and  the 
0-3 
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anderlying  Lower  Goal  Measares  has  already  been  defined ;  its 
npper  limits  are  not  reached  within  the  sheet,  and  hence  will 
not  be  described.  The  total  area  represented  on  the  sheet  is 
148  square  miles.  The  prevailing  rocks  are  shales  and  lime- 
stones, the  former  predominating ;  no  persistent  bed  of  sand- 
stone is  recognized  in  the  section  here.  The  shales  are  gener- 
ally argillaceous,  and  of  drab  color,  sometimes  calcareous; 
near  the  coal  beds  they  are  generally  black,  bituminous  and 
fissile;  they  occur  in  beds  ranging  in  thickness  from  a  few 
inches  to  over  30  feet.  The  limestones  are  in  beds  generally 
from  two  to  six  feet  thick,  but  in  places  some  of  these  beds 
reach  a  thickness  of  as  much  as  20  feet ;  they  are  generally  of 
a  very  compact  and  fine  texture,  in  massive  beds,  of  a  light 
drab  color,  breaking  with  a  semi-conchoidal  fracture. 

In  the  sections  which  have  been  previously  described  of 
the  Lower  Goal  Measures,  some  Middle  Coal  Measure  beds  are 
also  included,  as  was  indicated  in  each  case.  In  addition,  the 
following  sections  are  given  to  illustrate  the  character  and  the 
succession  of  the  rocks  and  to  preserve  the  records  that  have 
been  obtained  at  various  localities. 

Sections  along  the  Missouri  river.— In  the  manuscript  notes 
previously  referred  to,  Mr.  Harrison  records  the  following  sec- 
tion measured  in  the  bluff  about  a  mile  east  of  Waverly,  which 
probably  consists  of  Middle  Coal  Measure  strata. 

Sk(  riON  XVI. 

HLiri'  AUDIT  ONK    AN'I>   A   <ii:VRTKK  MILKS   KAST  OF   WAVKKLT. 

Top  of  section  ia  about  Jff'^  feet  above  the  rirer  bottom  (700  fe^  A .   T. ) 

Feet.  Inches. 

1.     slope  (soil  and  Loess)  20 

'1.     lAmestone,  bluish,  very  hard, compact,  heary  bedded,  nneren  surface  and 

fracture 1  »> 

H.     Limestone,  bluish,  nodular  (concretionnrt/),  with  red,  ferruginous  and 
irhitish  stains.     Numerous  small  masses  of  Clmtetes  milleporaceous  in 

upper  part 2 

4.     Slopt',  soil  and  fragments  of  yellow,  greenish  and  purple  argil  I  aceus  shale  20 

Ti.     Limestone,  dull  blue,  hard,  compact 1.  6 

<') .     Slate ,  bituminous  or  black 3 

Total  thickness 4S  0 

The  base  of  the  Middle  Goal  Measures  is  placed  near  the 
bottom  of  this  section. 
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Beyond  this  to  the  west,  Lower  Goal  Measare  rocks  are 
exposed  which  have  been  described  in  the  preceding  pages,  the 
Middle  Goal  Measare  strata  occurring  near  the  hilltops.  About 
a  mile  east  of  Edwards  station  the  following  section  was  meas- 
ured: 

Skction  XVII. 
OUTCROP  IX   RIVKR   BLUFF,  OXIE  MILK  KAST  OF  EDWARDS   STATION. 

Top  of  section  U  about  UO  feet  abore  the  railtcay. 

Feet.  Inches. 

1 .    Limestone,  gray 2  10 

*2.     Clay,  yelloir 6 

3.  Limestone,  ^/l(f 1 

4.  Shale,  6m/ 1  3 

5.  Limestone,  blue 2 

6.  Clay,  «o/< 6 

7.  I..1mestone .3 

H.    Concealed 1  6 

9.    Limestone,  6/ u« 6 

Interval  to  base  of  Middle  Coal  Measures  about  45  feet.  

Total  thickness 13  1 

Beyond  this  again,  the  Middle  Goal  Measure  strata  are  con- 
fined to  the  uplands,  and  only  limited  exposures  of  rocks  im- 
mediately associated  with  the  coal  beds  were  observed.  These 
will  be  described  later  under  the  section  devoted  to  economic 
geology. 

At  the  mouth  of  Tabo  creek,  in  the  railway  cut  through 
the  bluffs  on  the  east  side,  is  a  small  exposure  of  the  basal 
members  of  the  Middle  Goal  Measures,  illustrated  in  Detail 
Section  No.  1  of  the  section  sheet;  this  is  bounded  on  the  east 
by  the  Warrensburg  sandstone.  The  following  section  was 
measured  at  this  point : 

Skction  XVIII.     (No.  9  of  Section  Sheet.) 

OlTTCUOl*  IS   RAILWAY   CUT   AT  TABO  CKKEK. 

# 

Top  of  section  i»  ii't  feet  above  railway  (A.  T.  7J(0 . 

Feet.  Inches. 

1.  Limestone,  ^ray 2 

*2.  Shale,  black 3 

H.  VOAL  (Mulky  bef I) 1 

4 .  Shale ,  argillaceous .^» 

r».  Limestone 4 

fi.  Shale,  drab 10 

Total  thickness 25 

In  his  manuscript  notes,  Mr.  Harrison  gives  the  following 
section  from  the  same  locality : 
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Section  XIX. 

SECTION   BETWEEN  BERLIN  AND  THE  MOUTU  OF  THE  TABO  IX  SEC.  3. 

From  Edwin  JIarriion. 

Feet.  Inches. 

1.  Limestone  t  hard,  bluish  gray,  comp€ict.    Apparently  not  in  place,  slid- 

den  down 1  6 

2.  ^\et.te,  bituminous;  »maU  lenticular  concretion» 2 

3.  ^l^te,  black,  tough,  compact 2  3 

4.  COKlj,bUutninous 3 

5.  Clay,  6/a« 1 

Total  thickness 9  9 

Abopt  100  yards  below  ( east  of)  this,  he  describes  the  fol- 
lowing section : 

Section  XX. 

SECTION  AT  BEULIN.  BELOW  TABO  CRKKK. 

From  Edirin  Harrison. 

Feet.  Inches. 

1.  Sandstone,  6rofrm«A  yellow,  yellotc  and  greenish,  soft,  micaceous,  very 

much  washed,  uneren  bedded;  some  of  the  layers  heavy  bedded,  others 
shaly;  containing  thin  beds  of  arenaceous  shale;  concretions  of  hema- 
tite ore.     Vegetable  remains  numerous  in  some  of  the  beds 45 

2.  Conff\omeT2itQ,  hard,  sUico-caicar ecus 3 

3.  Shale,  blue,  argillaceous,  somewhat  arenaceous  15 

4.  Qem^stovie,  greenish,  shaly 9 

5.  Shale,  light  blue,  argillaceous 2 

6.  Shale,  bluish  black,  calcareous,  containing  Myulina  and  Productus 6 

Water  level  of  river.  — > —    — 

Total  thickness 74  6 

Mr.  Harrison  does  not  correlate  these  two  sections,  bat, 
in  statements  elsewhere  in  bis  notes,  he  refers  to  the  sandstone 
( No.  1,  Sec.  XX)  as  the  '^Micaceous  sandstone,"  which  he  con- 
siders the  npper  member  of  the  Lower  Goal  Measure  group, 
and  we  infer  that  the  members  of  Section  XIX  are  placed  by 
him  geologically  above  those  of  No.  XX.  In  the  report  of  the 
Geological  Sarvey  for  1872,  G.  G.  Broadhead  quotes  the  follow- 
ing sectiOQ  from  G.  J.  Norwood,  which  is  in  confirmation  of 
this  inference: 

SECTION    XXI. 
SECTION   AT   BERLIN,    MADE   BY   V .    .1.    \0KWt>01». 

From  G.  C.  Broadhead. 

1.  Slope,  100  feet  at  30 ^  Feet.  Inches. 

2.  Limestone,  in  one  bed:  ashy  blue,  argiUo- pyritiferous;  on  the  top  a  thin 

shelly  layer  contains  fossils,  ri-:.:  liellerophon  ('Jsp.)  large  and  small, 
Choneten,  Crinoid  stems,  Bellerophon  Montforiiana,  small  iinir aires,  etc. 
Equivalent  to  \o.  32  of  the  Lexington  section  (about  30  feet  below  the 
Lexington  coal  bed,  A.  W.) 1  2 

3.  Shales,  bituminous 2 
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Feet.  Inches. 

4.  Shales,  darAr 4 

5.  Limestone,  yelioirith  and  bluith  drab;  top  greenUh  gray;  abounds  in  Ch, 

metolobut  and  contains  a  large  Froductut^  alto  several  species  of  Allo- 
risma 2 

6.  Slope 30 

7.  Sandstone,  generally  soft;  some  parts  indurated;  mostly  drab,  some  parts 

trith  brown  specks;  plants  and  CaUimites 25 

9.    Sandstone,  conglomerate;  contains  iron  concretions  and  silicified  wood, 

etc 6 

9.    Shales,  sandy,  green  and  shaly  sandstone 14 

10.  \Aniestone,shdly,  blue,  fossils,  etc 1 

11.  Limestone,  sandy,  in  thin  shaly  layers,  dark;  contains  Pr.  muricattis. . .  6 

12.  S\ope,toir{Uer  of  Missouri 3 

Total  thickness  87  8 

Broadhead  refers  to  the  sandstone  bluffs  here  as  forming 
bold  moral  escarpments,  and  describes  the  sandstone  farther 
up  the  river,  a  mile  above  the  month  of  Tabo  creek,  as  rising 
about  sixty  feet.  He  then  gives  the  following  section  measured 
atTabo  bridge,  the  members  of  which  he  considers  as  probably 
below  the  sandstone : 

SECTION   XXII. 
SECTION   AT  TABO  BRIDOK. 

From  0.  C.  Broadhead. 
i. '  Bluff.  Feet.  Inches. 

2.  Shales,  blue,  thinly  laminated;  with  blue  calcareous  concretions 4 

3.  Slate,  black,  with  thin  coal  laminrr 1 

4.  Oay,  blue  and  gray 1  4 

5.  CoBl,  bituminous 2 

6.  Clay ,  blue,  thinly  laminated;  bearing  a  tiro-inch  band  of  iron-stone  midway 

and  also  small  crystals  of  seleniie 18 

7.  Limestone,  shaly;  deep  ashy  blue;  containing  P.  muricaius  —       ? 

8.  Shales,  clayey,  to  the  water  in  the  creek 14 

Total  thickness 38+?       6 

The  difference  between  the  last  section  and  the  lower  mem- 
bers of  Section  XX  I,  notwithstanding  the  fact  that  they  are 
from  closely  adjoining  localities  and  are  taken  from  the  same 
altitude,  suggests  something  abnormal,  and  this  is  strengthened 
by  the  differences  between  these  sections  and  Nos.  XIX  and 
XX.  The  reasons  for  these  discrepancies  will  be  discussed 
later,  when  the  Warrensburg  sandstone  is  described.  Suffice 
it  here  merely  to  call  attention  to  their  existence. 

Sections  between  the  Missouri  river  and  the  Chicago  and 
Alton  railway, — Over  the  uplands  immediately  south  of  the  river, 
the  thick  mantle  of  the  Loess  covers  the  rock  so  effectively 
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that  no  coDtinnoas  exposures  are  foand  from  which  sections 
can  be  measared.  A  number  of  wells  and  drillholes  have  been 
put  down  here,  bat  no  complete  records  coald  be  obtained  of 
these. 

The  Davis  well^  in  section  29,  township  51  N.,  24  W.,  about 
three  miles  southwest  of  Waverly,  is  near  the  hill-top  and  was 
sunk  to  a  depth  of  1 10  feet.  The  drillers  were  interviewed  con- 
cerning this  well,  and  reported  that  no  coal  was  encountered, 
and  that  soil  and  clay  were  found  to  a  depth  of  60  feet,  and  under 
this  50  feet  of  sand  were  penetrated.  This  would  indicate  a  very 
abnormal  depth  of  superficial  material;  but  the  results  are 
explicable  on  the  hypothesis  that  a  buried  channel  occurs  here, 
now  filled  with  drift  and  covered  with  Loess.  Should  the 
lower  50  feet  be  sandstone  in  place  of  sand,  as  reported,  we 
should  be  inclined  to  consider  it  a  sandstone  channel  deposit, 
tributary  to  the  Warrensburg  sandstone,  later  to  be  described. 
In  this  case  the  sandstone  of  Davis  quarry  and  adjacent  locali- 
ties, described  on  pp.  would  be  assignable  to  this  horizon. 

The  Slusher  well,  about  two  miles  southwest  of  the  last,  in 
section  36,  .township  51  N.,  25  W.,  is  40  feet  deep,  but  no  infor- 
mation could  be  obtained  concerning  it,  other  than  that  no  coal 
was  encountered. 

The  Phillips  tcell,  about  three  miles  northwest  of  Blusher's, 
in  section  27  of  the  same  township,  is  over  100  feet  deep.  No 
record  could  be  secured,  but  Mr.  Phillips,  the  owner,  furnished 
the  information  that  two  beds  of  coal  were  encountered,  as 
follows : 

1.  At  a  depth  of  W  feet 24  Inches  of  coal, 

2.  "       ••    ••    i(X)feet 22 

The  upper  of  these  we  correlate  with  the  Lexington  bed, 
the  lower  with  the  Mulky  bed  or  with  that  exposed  at  the  mouth 
of  Tabo  creek.  No.  3  of  Sec.  XVI II. 

The  Catron  well,  south  of  Salt  creek,  in  section  4  of  town- 
ship 50  N.,  24  W.,  passes  through  some  of  the  lower  members 
of  the  Middle  Goal  Measures.  A  copy  of  the  record  is  given 
on  p.  31  of  this  report. 
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The  Larkin  welly  in  section  6  of  the  same  township,  furnishes 
no  facts  other  than  that  no  coal  was  foand,  and  that  qnicksand 
was  encountered  at  a  depth  of  55  feet.  The  occurrence  of  the 
sand  here  adds  additional  weight  to  the  report  of  the  existence 
of  a  large  body  of  sand  below  60  feet  in  the  Davis  well,  two 
miles  north. 

Along  the  western  line  of  township  50  N.,  24  W.,  the  Lexing- 
ton coal  bed  crops  out  and  has  been  operated  at  the  Lewis  pits, 
in  section  18.  About  a  mile  east  of  this  it  was  also  encountered 
in  the  Bogge  well.  Across  Salt  creek  from  this  well,  near  the 
foot  of  the  hill,  Harrison  measured  the  following  section  :* 

Section  XXIV. 

its  EAST  SlUK  OF  HALT   FOKK,   IN  SECTION  IT,   S.  W.    'j   OF  N.  E.    '4. 

From  ICdurin  Harrison. 

Feet.  Inches. 

1 .  Sbale ,  ifelloir,  argillaceous 2 

2.  Shale,  f/ellow,  argillo- calcareous ^  containing  numerous  Chonetes  mesoloba.      1  'J 

3.  Limestone,  argillaceous;  i/ellow  or  greenish;  wecUhered  surface  soft  and 

t/elloir,  compact,  smooth  fracture ,  Fusulina,  Crinotd  stems 2  H 

4.  Limestone,  ifelloir ^  argillareons,  in  uneren  lagers,  separated  bg  seams  of 

gellow  shale H 

5.  Shale,  gellow,  argillaceous H. 

6.  Shale ,  bluish  bind:  argilUyeous:  containing  numerous  small  lenticular  con  - 

cretions,  and  a  fetr  large  globular  ones  toward  the  bottom 3  *J 

7.  Clay,  light  blue  to  water  level <>-}- 

Total  thickness 11  0 

The  limestone  of  the  section  he  correlates  with  a  heavy 
bed  of  limestone  which  occurs  at  Lexington,  about  forty  feet 
below  the  Lexington  coal  bed.  This  correlation  is  supported 
by  the  results  of  recent  work. 

In  the  adjoining  section  18,  he  describes  the  following: 

Section  XXV. 

WEST  OF   SALT   FORK,    IN   SECTION   18,  N.   E.    'j   OF  S.  W.   ^4  . 

From  Edwin  Harrison. 

Feet.     Inches. 

1 .  Limestone,  blue,  fine  grained,  heavg  bedded,  smooth  fracture,  Fusulina. .      2 

2.  Sloiie.  soil 10 

H.     Limestone,  blnitfh  and  ifellowish:  concretionary,  upper  part  disintegrating 

into  small  nodules,  containing  numerous  Chiftetes  milleporactus,  Fusu- 
lina cylindrica.  Smooth  fracture,  small  rarities  filled  with  a  yellow 
substance— (  Ses(/uio.ride  of  iron?) 1 

4.  lAmesXowe  blue ,  coarse  grained   uniform  texture,  thin  bedded 1 

5.  Shale,  blue,  argillaceous,  inter  si  ratified  with  yellow  seams  of  sandy  shale. .  ♦) 

Total  thickness 14  6 

♦MS.  notes,  p.  14. 
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The  top  of  this  section,  Harrison  places  at  60  or  70  feet 
above  the  Salt  fork.  According  to  this  it  mnst  commence 
close  ander  the  Lexington  coal  bed,  and  all  of  its  members 
woald  belong  to  the  Middle  Goal  Measures. 

No  other  records  were  obtainable  in  township  50  N.,  24  W. 
The  Fletcher,  Goodwin,  Metcalf  and  Barnett  wells,  located  on 
the  map,  yielded  no  facts  excepting  sach  as  are  there  noted. 
A  great  thickness  of  superficial  material  covers  that  portion  of 
this  township  lying  south  and  east  of  Salt  creek,  and  exposures 
are  entirely  absent,  and  only  very  deep  wells  reach  the  underly- 
ing rock. 

In  township  50  N.,  25  W.,  north  of  the  Chicago  and  Alton 
railway,  similar  conditions  prevail,  although  the  superficial 
covering  is  not  so  deep. 

The  Carder  Coal  Company's  Shaft,  in  section  27,  just  west 
of  the  town  of  Gorder,  is  96  feet  deep.  At  the  bottom  of  this 
shaft  a  churn-drill  hole  was  put  down  some  230  feet  farther, 
making  the  total  depth  penetrated  by  shaft  and  drill-hole  about 
330  feet.  The  following  record  was  furnished  by  Mr.  David 
Hoffman,  by  whom  the  drill-hole  was  sunk  : 

SECTION  XXVI.     (Xo.  14  of  Section  Sheet.) 

UKCOKI>  OF  COUDER  8HAIT  AND   DRILL-HOLE. 

Top  Of  shaft  ia  at  an  altitude  of  about  SSo  feet  A .  T. 

Feet.  Inches. 

SHAFT. 

1.  soil R 

2.  Superficial  material  and  shale,  ichite  and  gray »5 

8.    Limestone,  reddUh,  hard 5 

4.  COAL fi 

5.  Fire-clay 4 

«;.  Shale 4  c 

7.  Coal, '* bony"  and  pyritxferous 10 

s.  Shale,  6/we 1^ 

J».  Limestone 22 

10.  Shale,  black,  fissile 1  « 

11.  VoxL  ( Lexington  bed) 1  « 

DKILL-HOLK. 

12.  Fire-clay lo 

18.     Limestone 0 

14 .  Shale ,  H'hite  and  gray 15 

1.-).  Shale,  6/Me 2  4 

10.  Shale.  u'hUe i« 

17.  Limestone,  &/ue 1  -^ 

15.  Shale,  black 2  r, 

I'j.  Fire-clay fi 
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Feet.  Inches. 

20.  Limestone 4 

21.  Sh&\e,  gray  (horhon  Mulkf/ coat  bed) 7 

22.  Kock  (hard,  not  affected  by  acifl) .S 

23.  Rock,  Bo/ter H 

24.  Shale, pray 8 

25.  Shale,  red 4 

26.  Shale,  pray 2 

Tor  OF  LOWER  COAL  MKA8DKK8  (Depth  171  feet  9  Inches) . 

27.  Limestone,  not  very  hard  (probably  sandstone,  A.  IF.) 23  6 

28.  Fire-clay,  blue 4 

29.  Shale,  noilalar 6  2 

30.  Shale,  prfiv 30 

31.  Shale,  white 3  3 

32.  Shale,  yellow  4 

33.  Limestone 10 

.34.  Shale ,  gray,  hard 8 

iir>.  Shale,  pray 4 

36.  Sandstone 11 

37.  Fire-clay  8 

38.  Ferruginous  band 8 

39.  Shale,  pray, /iard 1  6 

40.  Limestone,  yW/ofr 6 

41.  Shale,  fr/aci. /Mt/e 7 

42.  Coal 10 

43.  Shale 1  10 

44.  Limestone,  hard 4 

45.  Shale,  intercalated  with  layers  of  limestone  about  1"  thick,  at  intervals. . .      8  2 

46.  Shale, 6/»i« 4  10 

47.  Limestone,  b/M« 1  6 

48.  Shale,  AarrI,  b/ue 4 

49.  Limestone ,  blue,  rery  hard 19  2 

50.  Shale,  f/aV A- 6/uc 11 

51.  Shale,  pray  am/ b/Mf 2 

52.  Coal 5 

63.  Fire-clay 1  8 

54.  Pyrltiferous  rock 1  3 

56.  Shale,  light  blue 6 

56.  Limestone,  blue,  hard 15 

57.  Shale,  dark  blue,  with  black  are^ks 5  6 

55.  Limestone,  reddish 11 


Total  thickness 329  11 

The  resalts  expressed  io  this  record  must  be  accepted  with 
allowaDce*!,  both  as  to  the  thickQessas  well  as  to  the  character 
of  the  various  strata.  Over  and  above  the  inaocaracies  inherent 
in  resalts  derived  from  the  charn  drill,  we  are  inclined  to  think 
that  mnch  of  what  is  termed  limestone  in  the  lower  and  central 
part  of  the  hole  is  largely  sandstone  or  compact  shale,  possibly 
calcareous.  We  are  led  to  this  conclusion  by  knowing  of  in- 
stances in  the  region  where  drill  and  shaft  men  have  termed  com- 
pact sandstone  and  hard  shale  a  limestone,  and,  further,  through 
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the  knowledge  of  the  existence  of  sandstones  and  tough  sandy 
shales  at  corresponding  horizons  along  the  river.  A  stndy  of 
the  Lower  Goal  Measare  sections  given  on  previous  pages  will 
reveal  this. 

The  Winsor  Shaft  is  about  three  miles  west  of  Gorder,  just 
south  of  the  railway  track.  This  shaft  is  now  abandoned,  and 
the  following  record  was  obtained  from  Gapt.  Smith,  of  Gorder : 

Skgtion  XXVII.     (No.  15  of  Section  Sheet.) 

KKCOKD  OF  WINSOR  8IIAFT,   WKfiT  OF  COUDER. 

Top  Of  thaft  i»  at  an  altitude  of  about  Sfio  feet  A .   T. 

Feet,    inches. 

1.  Soil  and  clay  ifi 

2.  Lime.stone,  frA^ 4 

3.  Shale.  6Zuc 4 

4.  Limestone, />2u«    1  f» 

5.  Clay 8 

6.  LXmesionet  bluet  compact !♦ 

7.  Shale 1 

8.  Coal i  s 

9.  Clay 1 

10.    Limestone 6 

Interval  to  base  of  Middle  Coal  Measures  about  70  feet. 

Total  thickness 52  2 

The  Bonanza  Coal  Company's  shaft  is  abotit  a  half  a  mile 
beyond  the  Winsor  shaft  to  the  west,  and  is  also  on  the  Alton 
railway.  This  shaft  is  still  in  operation.  The  following  record 
was  furnished  by  Mr.  Brandeau,  the  owner  of  the  mine,  but  the 
coal  and  associated  strata  were  measured  by  Mr.  Gluck : 

Skction  XXVllI. 

UKrOKI)   OF  IIO.NAX/.A  TOAL  CO.'S   SHAFT,    WKST  UV  roRHKK. 

Top  of  shaft  is  at  an  altitude  of  about  sso  feet  A .   T. 

Feet,    inches. 

1 .  Soil 18 

2.  Shale 17 

3.  Limestone (5 

4.  Shale,  irith  limestone  intercalated  in  layers  about  8  in.  thick H 

5.  Limestone,  hard H 

6.  Shale,  black,  fissile 1  fi 

7.  Coal 1  h 

8.  Clay s 

Interval  to  base  of  Middle  f'oal  Measure  about  mO  feet.  


Total  thickness ' 58  lo 
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North  of  this,  id  the  same  township,  we  have  no  records 
other  than  extremely  short  ones  including  a  few  strata  immedi- 
ately associated  with  the  coal  beds.  These  will  be  described 
later  ander  the  division  of  Economic  6eology. 

South  of  the  Chicago  and  Alton  railway,  between  it  and 
Davis  creek,  the  Middle  Goal  Measure  rocks  extend  from  a  short 
distance  above  the  waters  of  that  creek  to  the  summits  of  the 
hills.  Only  a  few  sections  were  obtained  here,  however,  over 
and  above  those  of  coal  beds  and  the  immediately  associated 
rocks. 

In  the  railway  cut  near  the  hill  summit,  about  a  mile  south- 
east of  AuUville,  Broadhead  gives  tbe  following  section  :* 

SKCTIOX   XXIX. 

sKCTiox  IX  RAILWAY  ciT  80UTIIKAST  OF  AiLLviLLE.    (From  Hroadhead.) 
Top  of  tection  is  at  an  altitude  of  about  800  feet  A .  T. 

FKKT.      INCHKM. 

1.  Clay. 

2.  Limestone,  in  irregular  beds 3 

3.  Sh€Lle,bitMminoti8 2  6 

4.  Shale t  $andy  and  ochrejf 5 

7.    Clay,  blfick',  with  plant  remains  and  sefenite  crf/stals 6 

H.    Clay,  blue,  fossiliferous,  iHth  P.  costatus  and  Athyrissubtilita 5 

9.    Clay,  blue 3 

10.     Limestone,  grat/,  thick-  bedded,  rouph;  in  the  upper  part  it  abounds^ 
in  Fusuiinact/lindrica,  also  contains  Pleurotomaria^  Athyris  and 
Crinoid  stems;  and  minute  dolomite  crvhtals.     This  limestone  is 
jyrobably  hydraulic.  6  10 


Total  thickness  18  0 

The  recent  observatioussof  tne  Survey  since  made  at  this 
locality  confirm  tbe  accuracy  of  this  section. 

West  of  thid  cut  the  country  sinks  rapidly  and  the  base 
of  the  Middle  Goal  Measures  is  not  far  beneath  the  surface. 
In  the  drill-hole  sunk  at  AuUville,  of  which  the  record  is  given 
as  Section  XV,  a  few  of  the  lower  members  are  included. 

About  a  mile  west  of  AuUville,  at  the  foot  of  the  hills,  on 
the  edge  of  tbe  Davis  creek  alluvial  plain,  a  drill-hole  was  put 
down  by  Messrs.  Roberts  and  Parker,  of  which  the  following 
is  a  record,  as  obtained  from  the  driller's  notes : 

•  Report  Missouri  Geological  Survey,  1872,  Part  IT,  p.  46. 
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SECTION  XXX.    (Xo.  22  of  Section  Sheet. ) 

RR(M>KD  OF  ROBERTS   AND   PARKER  DRILL-HOLE. 

Altitude  of  top  of  driUhole  U  about  7l>0  feet  A .  T. 

Feet.  Inches. 

1.  Soilandclay 19 

2.  Sandstone  c 

3.  Shale,  micaceous 8 

4.  Limestone,  «Aa/^ 4 

5.  Shale ,  arffUlaceou8.  10 

6.  Coal 3 

7.  Shale  1 

8.  Limestone 2 

9.  Shale 2  6 

10.  Limestone 6 

11.  Shale.  6/«cA'.;fM/te 1  6 

12.  Coat.  (Mulky  bed)   1  6 

13.  Fire-clay 6 

14.  Shale,  argillaceouH .S  fi 

16.    Sandstone 5 

16.    Shale 6 

Base  of  Middle  Coal  Measures  about  here.  


Total  thickness 62  i 

Immediately  west  of  this  drill-hole  the  coantry  is  occa- 
pied  by  the  Warrensbar^:  sandstone  for  a  distance  of  between 
one  and  two  miles.  West  of  this  area  we  again  pass  into  the 
Upper  Goal  Measures  which  are  exposed  and  penetrated  by 
shafts  along  Bocky  branch,  west  of  HIgglnsville.  The  follow- 
ing section  of  one  of  the  shafts  from  this  vicinity  will  suffice 
to  show  the  saccession  of  rocks  there : 

Skctiox  XXXI.    (No.  20  of  Section  Sheet.) 

HAWKINS   AND   .•iMITII   SHAFT. 

Altitude  of  top  of  shaft  is  about  STOfeet  A.  T. 

Feet.    Inches. 

1.  Soil  an i  clay 2;^ 

2.  Shale 40 

3.  Limestone 16 

4.  Shale,  6/acA-,«'**i/c 1  k 

5      Co  Ah  (Lexington  bed) 1  6 

6.  Clay 2  e> 

7.  Limestone 7  4 

8.  Clay,  shaly 16 

Interval  to  base  of  MlJdle  Coal  Meisares  2."5or  more  feet.  —  

Totul  thickness  108        0 
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THB  WAEBBNSBaaa   SANDSTONB. 

The  WarreDsbarg  sandstoDe  occnpies  the  western  portion 
of  the  sheet ;  the  total  area  represented  is  aboat  39  square 
miles.  It  derives  its  name  from  the  town  of  Warrensbnrg,  a 
few  miles  south,  in  Johnson  county,  where  this  formation  at- 
tains a  great  development.  It  consists  of  a  great  body  of  sand- 
stone, changing  irregularly  into  shale  and  shaly  sandstone, 
with  no  coal  or  limestone  beds  interstra^tified.  Its  relations  to 
the  surrounding  Ooal  Measures  is  peculiar;  it  does  not  over- 
lie these  strata,  but  cuts  across  them,  apparently  occupying  a 
depression  which  once  existed  where  the  sandstone  now  is. 
The  north-most  exposure  of  this  formation  is  at  the  month  of 
Tabo  creek,  on  the  Missouri  river.  Reference  to  sandstone  at 
this  point  has  already  been  made  (  page  36  ),  and  its  litho- 
logical  characteristics  are  well  described  in  Sec.  XX  and  in 
Sec.  XXI  on  page  36.  Ceitain  discrepancies  in  these  sections 
are  alluded  to  on  this  page.  They  arise  partly  from  the  fact  that 
Sec.  XXI  is  undoubtedly  not  a  continuous  section,  and  must 
have  been  compiled  from  measurements  made  at  different 
points.  We  maintain  that  the  coal  and  limestone  do  not  over- 
lie the  gieat  body  of  sandstone  developed  at  the  mouth  of 
Tabo,  but  they  are  both  at  the  same  level.  This  relationship 
is  well  displayed  in  the  railway  cut  at  the  mouth  of  Tabo  and 
is  illustrated  in  the  cross  section  sketch  entitled,  Detail  Sec- 
tion No.  I,  on  the  section  sheet.  In  the  horizontal  extension 
of  the  coal  and  limestone  strata  at  the  west  end  of  the  sketch, 
is  a  large  exposure  of  arenaceous,  micaceous  shale  of  the 
Warrensbnrg  sandstone.  The  approximate  position  of  the  line 
of  contact  is  indicated  on  the  sketch.  The  down  curving  of 
the  heavy  bed  of  limestone  near  the  base  may  be  attributed  to 
a  settling  or  "creeping"  of  this  rock  down  the  side  of  the  hol- 
low before  the  sandstone  was  deposited.  The  coal  and  lime- 
stone outcrop  is  close  to  the  month  of  Tabo  creek,  on  the  east 
bank.  West  of  the  creek  the  sandstone  occurs  again  in  the 
blufifd.    This  limestone  and  coal  exposure  of  the  Middle  Coal 
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Measures  is,  hence,  of  the  nature  of  an  island,  or  possibly  of  a 
peninsular  surrounded  by  these  arenaceous  deposits. 

North  of  the  Missouri  the  exact  outline  of  the  formation 
cannot  be  defined,  inasmuch  as  all  exposures  are  hidden  under 
the  alluvial  deposits  of  the  river. 

South  from  the  river  the  limits  are  traced,  on  the  one  side, 
by  well  records  in  the  sandstone  and  surface  exposures  of  that 
rock ;  and,  on  the  other  side,  by  exposures  of  limestone  and 
coal,  or  openings  in  the  last.  The  distribution  of  such  expos- 
ures and  openings  is  clearly  shown  on  the  large  map. 

The  Dintoiddee  well  in  Dover,  was  drilled  to  a  depth  of  80 
feet,  of  which  the  upper  60  feet  were  in  soil  and  clay  and  the 
lower  20  feet  in  sandstone. 

West  and  southeast  of  Dover  are  several  exposures  of 
sandstone  which  are  located  on  the  map,  and  which  are  de- 
scribed by  Mr.  Gilbert  Van  Ingen  as  follows : 

On  the  western  edge  of  the  town,  in  the  northeastern  quar- 
ter of  section  30,  he  finds  15  feet  of  non-fossiliferous,  yellowish, 
gray,  disintegrated,  micaceous  sandstone.  This  is  not  far  north 
of  the  Dinwiddee  well  and,  by  reference  to  the  topographic 
map,  it  will  be  seen  that  such  an  outcrop  here  must  ba  about 
the  800  feet  contour  line.  The  altitude  of  the  Lexington  coal 
bed  in  adjacent  sections  is  about  760  feet ;  hence  this  sand- 
stone occupies  the  hypsometric  position  of  the  strata  overlying 
this  coal. 

In  the  northeastern  quarter  of  section  20,  northeast  of  the 
town,  he  reports  20  feet  of  the  same  sandstone;  and  in  the 
northeastern  quarter  of  section  32  he  locates  another  outcrop. 

The  Hutchison*  well  (40  feet  deep),  north  of  Dover,  in 
section  13,  township  50  N.,  26  W.,  is  only  40  feet  deep,  and  is 
chiefly  in  superficial  material.  Sandstone  was  encountered 
here  near  the  bottom  of  the  hole.  The  altitude  of  the  top  of 
the  well  is  about  800  feet  A.  T.;  while  that  of  the  Lexington 
coal  bed,  less  than  two  miles  to  the  east,  is  about  780   feet. 

*Tho  Information  concerning  the  results  obtained  by  drilling;  at  this  point, 
as  well  as  at  oihers  In  this  sandstone  belt,  hereinafter  cited,  was  kindly  furnished 
by  Messrs.  Xewland  and  (ier)r»re,  well  drillers  of  HIgglnsvllle,  Mo. 
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Hence  the  bottom  of  the  hole  is  below  the  level  of  the  coal, 
thoagh  the  saadstone  is  not  qaite  that  high. 

The  Petticorn  well  (  charn  drill  hole,  700  feet  deep),  about 
a  mile  and  a  half  southeast  of  P<ige  Gity,  in  the  northeastern 
corner  of  section  25,  township  50  N.,  26  W.,  is  carrently 
reported  to  be  aboat  700  feet  deep.  No  record  coald  be 
obtained  of  the  hole  other  than  that  no  coal  was  encoantered 
and  that  shale  and  sandstone  were  penetrated.  The  top  of  this 
well  is  aboat  at  the  altitade  of  the  Lexington  coal  in  the  adjacent 
country. 

The  Hoehn  tret/ ( churn-drill  hole,  155  feet  deep)  is  about 
half  mile  east  of  the  Petticorn,  in  section  30  of  township  50  N., 
25  W.  Here  about  30  feet  of  soil  and  clay  were  first  passed 
through,  and  these  were  followed  by  125  feet  of  sandy  shale, 
growing  less  sandy  with  increased  depth  and  containing  a  few 
seams  of  flaky  limestone.  The  altitude  of  the  top  of  this  hole 
is  about  840  feet,  and  the  sandy  shales  hence  occupy  the  posi- 
tion of  the  Lexington  coal  bed  which  occurs  in  the  section 
immediately  north.  This  hole  is  near  the  marginal  line  of  the 
formation,  and  we  might  hence  expect  the  material  to  be  some- 
what of  a  transitional  nature,  as  the  record  suggests. 

The  Grove  Young  well  (churn-drill  hole,  76  feet  deep),  is 
about  half  a  mile  southwest  of  the  Petticorn,  and  in  the  same 
section.  Two  holes  have  been  put  down  here  recently,  close 
together.  In  one,  about  16  feet  of  superficial  material  was  first 
encountered  and  then  some  60  feet  of  saniy  shale  grading  into 
argillaceous  shale;  in  the  other  about  16  feet  of  superficial 
material  was  also  encounted,  and  then  60  feet  of  sandstone  was 
passed  through.  The  altitudes  of  the  tops  of  these  wells  are 
about  820  A.  T.  Hence  the  sandstone  is  well  above  the  horizon 
of  the  Lexington  coal  bed.  The  diflPerence  in  the  records  fur- 
nishes an  illustration  of  extreme  variability  in  the  stratification 
of  this  arenaceous  formation. 

The  McGausland  well  (churn-drill  hole,  1,000  feet  deep),  is 
located  in  the  immediate  vicinity  of  those  last  described.  This 
well  is  currently  reported  to  have  been  1,000  feet  deep.     Broad- 
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head  refers  to  this  well  in  a  previous  report  of  the  sarvey*  and 
states  that  the  borings  extended  to  a  depth  of  800  feet.  The 
sandstone  cropping  oat  here  he  describes  as  oily  and  bitaminoas; 
the  drilling  was  prosecuted  in  the  hope  of  discovering  oil,  bat 
no  considerable  quantity  was  obtained. 

The  Fulkerson  well  ( charn-drill  hole,  135  feet  deep ),  is  in 
section  26,  about  a  mile  west  of  Grove  Young's.  No  coal  was 
encountered,  but  arenaceous  and  argillaceous  shales  were 
passed  through.  The  top  of  this  well  is  only  about  720  feet 
A.  T.,  and  is,  hence,  well  below  the  Lexington  coal  bed.  That 
none  of  the  lower  strata  was  encountered  indicates,  however, 
the  extension  of  the  Warresburg  sandstone  this  far. 

The  Noliing  well  (No.  18  of  section  sheet,  churn-drill  hole, 
170  feet  deep),  is  less  than  a  mile  north  of  Higginsville.  Here 
a  well  30  feet  was  first  dug  and  then  a  drill-hole  was  put  down 
to  a  depth  of  140  feet,  passing  through  sandy  shales,  which 
became  compacter  and  more  sandy  toward  the  bottom.  The 
altitude  of  the  top  of  the  hole  is  about  830  or  840  feet  A.  T., 
or  50  to  60  feet  above  the  Lexington  coal  bed. 

The  Oundiff  well  (churn-drill  hole,  44  feet  deep),  is  on  the 
northern  edge  of  the  town  of  Higginsville,  about  half  a  mile 
south  of  the  Noltiog  well.  Here  17  feet  of  soil  and  clay  were 
passed  through,  and  then  27  feet  of  sandy  shale.  The  altitude 
of  the  top  of  the  well  is  about  850  feet  A.  T. 

Withiu  the  limits  of  the  town  of  Higginsville  a  number  of 
drill-holes  have  been  put  down  which  are  perfectly  accordant 
in  showing  the  presence  of  a  great  body  of  sandstoue  here. 

The  City  Mills  well  (churn-drill  hole,  250  feet  deep),  is  near 
the  Chicago  &  Alton  railway  depot.  Here  40  feet  of  super- 
ficial material  was  first  passed  through,  then  150  feet  of  arena- 
ceous shale.  Coal  is  reported  to  have  been  encountered  at  a 
depth  of  250  feet,  but  it  is  not  thought  to  represent  a  regular 
bed.  The  altitude  of  the  top  of  this  well  is  about  8i0  feet  A. 
T.,  or  about  60  feet  above  the  Lexington  coal  bed. 

In  the  Cannery  well  ( churn-drill  hole  60  feet  deep ),  on  the 
Missouri  Pacific  railway,  at  the  southern  edge  of  town,  23  feet 

♦Report  Mo.  (ieolo^lcal  .Survey,  1872,  Part  II,  p.  41. 
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of  soil,  clay  and  "  gravel "  were  first  eDcoaDtered,  followed  by 
37  feet  of  hard,  reddish  sandstone.  The  altitude  of  the  top  of 
the  well  is  aboat  820  feet  A.  T. 

In  Bird  &  Co's  welly  south  of  the  last,  and  in  the  Orove 
well  north  of  it,  ver^  similar  results  were  reached. 

The  Biggs  i&  Hoeffer  well  (churn-drill  hole,  165  feet  deep ), 
is  immediately  north  of  the  Grove  well.  About  30  feet  of  soil 
and  clay  were  first  encountered  and  then  about  125  feet  of 
sandy  shale,  passing  into  sandstone,  was  penetrated.  The  alti- 
tude of  the  top  of  the  well  is  about  840  feet  A.  T. 

Ashury  &  Co^s  well  (churn-drill  hole,  155  feet  deep),  is 
about  a  quarter  of  a  mile  southeast  of  the  town,  and  south  of 
the  Chicago  &  Alton  railway.  Superficial  material  was  passed 
through  to  a  depth  of  25  feet,  and  then  60  feet  of  sandy  shale. 
The  altitude  of  the  top  of  the  well  is  about  840  feet  A.  T. 

Two  other  drillholes  in  this  formation  in  Higginsville,  the 
Dooly  and  Anderson  wells,  are  plotted  in  the  section  sheet, 
under  numbers  J 7  and  19  respectively. 

Along  the  branch  liowing  south  from  Higginsville,  are 
numerous  exposures  of  the  Warrensburg  sandstone.  Some  of 
these  are  located  on  the  map.  At  one  of  these,  in  the  S.  E. 
quarter  of  section  6,  township  49  N.,  25  W.,the  following  detailed 
section  was  measured  by  Mr.  Van  Ingen.  It  well  illustrates 
the  lithologic  characteristics  of  this  formation. 

SKCTIOX    XXXIl. 
DETAILS   OK   WAlMMJNSm  K<;   SANDSTONK   AT   IIH;(;IN.SVILLK. 

FtH't.    Inches. 

1.  Clay ;h 

2.  Sandstoni*  blocks,  red  bron-u,  lying  loose  in  the  claij 4 

3.  Clay ,  yelloir 1  fi 

4.  Sandstone,  ilark  chocolate,  with  iron  clay  nodules  ami  plant  remain* •> 

5.  Sandstone,  gray  broirn;  rery  irretjnlarly  bedfled ^\ 

r».  Ocher  bed,  red;  trith  iron  clay  nodnlett,  bits  of  irood,  a  fvir  Jirachiopoda 

and  a  Crinoid  stem 4 

7.  Sandstone,  gray,  yelloic  nome  thin  dark  layers  in  lower  portion:  are  hori- 

zontal for  a  few  feet  and  then  carre  upwards  and  hare  gray  layers 
intercalated    1 

8.  Sandstone,  gray,   micaceous,   no  fossils;  unconformable  upon  the    n€.rt 

stratum 2 

a.     Sandstone,  brown,  has  an  apparent  stratification  causnl  by  thin  intercala- 
ted bands  of  red  brown  sandstone:  micaceous,  no  fossils 3 


Total  thickness 12  2 

0-4 
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The  stratificatioD,  Mr.  Van  Ingen  notes,  is  very  local.  The 
sandstone  appears  along  the  branch,  a  quarter  of  a  mile  farther 
soath  and  extends  half  a  mile  beyond.  Here  there  is  no  strati- 
fication that  extends  a  distance  of  more  than  five  feet. 

Aboat  a  mile  soath  of  this  point,  near  the  north  line  of 
section  18,  between  the  coanty  road  on  the  west  and  the  rail- 
way on  the  east,  are  exposures  in  the  creek  bank  of  this  sand- 
stone ten  and  fifteen  feet  thick.  Both  massive  and  thinly  bed- 
ded layers  are  shown  here.  The  accompanying  figure  5  ( plate  iii ) 
illustrates  one  of  these  exposures. 

South  of  Higginsville  the  course  of  the  Warrensburg  sand- 
stone is  further  well  defined  by  a  series  of  wells. 

The  Ayres  well  ( No.  28  section  sheet,  churn-drill  hole,  130 
feet  deep)  is  near  the  middle  of  the  west  line  of  section  24, 
township  49  N.,  26  W.  Here,  after  passing  through  30  feet  of 
«oil,  about  100  feet  of  sandstone  was  penetrated.  In  another 
well  on  the  Ayres  property,  about  half  a  mile  south  of  the  last, 
aimilar  results  were  obtained.  The  altitudes  of  the  tops  of 
both  of  these  wells  is  about  825  feet  A.  T.  That  of  the  Lex- 
ington coal  bed,  two  miles  east,  is  about  780  feet. 

The  Higgins  place\%  about  half  a  mile  east  of  Ayres'.  Here 
two  wells  have  been  drilled,  150  and  200  feet  deep  respectively. 
In  the  first,  26  feet  of  soil  and  clay  were  passed  through  and 
then  125  feet  of  sandstone.  In  the  second  (No.  27  of  section 
sheet),  after  penetrating  30  feet  of  soil  and  clay,  a  stratum  of 
sandstone,  2  to  3  feet  thick,  was  encountered  and  then  167  feet 
of  sandy  shales  with  thin  layers  of  fiaky  limestone.  The  tops 
of  both  these  hole3  are  at  an  altitude  of  about  760  feet,  and  con- 
aequently  below  the  altitude  of  the  Lexington  coal  bed. 

The  Wedge  well  ( dug  well  50  feet  deep )  is  about  three- 
fourths  of  a  mile  east  of  the  Higgins  place.  It  is  just  on  the 
margin  of  the  formation  and  the  record  of  the  well  indicates 
this.  The  entire  well  was  in  sand  and  clay,  with  shale  and 
limestone  at  irregular  intervals.  The  altitude  of  the  top  of  the 
well  is  about  760  feet  A.  T. 

The  62a(2/^ts^  treZ/ (churn-drill  hole,  69  feet  deep)  is  about 
a  mile  south  of  the  Ayres  well,  near  the  southern  part  of  section 
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26.  Here  aboat  30  feet  of  saperficial  material  was  passed 
throagh  and  then  39  feet  of  sandstone.  The  altitude  of  the  top 
of  the  well  is  about  860  feet  A.  T.,  and  that  of  the  Lexington 
coal  bed  in  a  closely  adjoining  shaft  is  about  800  feet. 

The  sandstone  which  we  designate  the  Warrensbnrg  forma- 
tion, has  been  observed  during  the  progress  of  earlier  surveys 
and  is  referred  to  in  the  earlier  reports.  Extracts  from  such 
references  have  been  made  on  preceding  pages  of  this  report. 
Swallow,  in  his  Second  Annual  Eeport,*  describes  as  the  upper 
member  of  the  "Lower  Coal  Series,"  a  **soft,  brown,  heavy 
bedded,  irregularly  stratified  micaceous  sandstone,"  appearing 
at  Dover  among  other  places.  Broadhead  describes  this  sand- 
stone in  the  report  for  1872,t  and  correlates  it  with  sandstones 
near  Butler  in  Bates  county,  on  Sugar  creek,  in  Cass,  at  Warrens- 
burg  in  Johnson,  at  White  rock  in  Carroll  and  on  Grande  river 
in  Chariton  county.  All  of  these  outcrops  he  assigns  to  the 
Lower  Coal  Measure  formation.^ 

The  true  stratigraphic  and  structural  relations  of  this  for- 
mation, however,  seems  not  to  have  been  recognized.  It  ap- 
pears generally  to  have  been  considered  of  Lower  Coal  Meas- 
ure age,  and  to  have  been  correlated  with  the  inter-stratified 
sandstones  of  the  Lower  Coal  Measures,  referred  to  on  other 
pages  of  this  report.  The  peculiar  conditions  of  occurrence  of 
this  formation  have,  however,  received  no  satisfactory  expla- 
nation in  print,  to  the  writer's  knowledge.  || 

The  theory  here  advanced  concerning  this  deposit  is  that 
it  is  of  fluvial  or  lacustrine  origin,  that  it  fills  a  channel  which 
was  eroded  in  the  surrounding,  regularly  deposited  strata,  dur- 
ing a  temporary  emergence  of  these  strata  from  beneath  the 
waters  of  the  Coal  Measure  swamp.  The  leading  reasons  for 
this  conclusion  are,  briefly,  the  following : 

*  Report  Missouri  (Jeolo^Ical  Survi-y.  1855,  part  1,  p.  85. 

t  Keport  Mo.  (ieologlcal  Survey,  1872,  Part  11,  pp.  41,  42,  4H,  44. 

J  I  hid,  p.  42. 

II  In  a  letter  to  the  writer  of  Feb.  18*W,  Prof.  Broadhead  explains  the  peculiar 
altitude  or  position  of  the  sandstone  In  Lafayette  county  as  due  to  a  bulging  of 
the  Lower  Coal  Measures,  and  this  was  probably  the  explanation  accepted  by  the 
earlier  surveys.  In  more  recent  writings  Prof.  Broadhead  abandons  the  older 
view  In  the  light  of  this  later  ac<iulred  evidence. 
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1.  The  great  thicknees  of  the  depoeit ; 

2.  Its  long  and  narrow  shape ; 

3.  The  superposition  of  the  sandstone  upon  the  Middle 
Goal  Measure  rocks ; 

4.  The  inclusion  of  fragments  of  adjacent  rocks. 

1.  The  exact  maximnm  thickness  of  the  Warrensbnrg 
sandstone  is  impossible  to  determine  with  the  data  at  hand. 
The  results  of  the  drillings  already  cited  would  indicate,  how- 
ever, that  it  is  at  least  as  much  as  200  feet.  ThePetticorn  and 
McOausland  wells  (see  p.  47)  would  seem,  on  account  of  their 

• 

great  depths,  to  offer  opportunities  for  a  settlement  of  the 
questions.  Nothing  that  can  be  called  a  record  of  these  holes 
could  be  obtained,  however,  and,  from  the  fragmentary  notes 
which  were  collected,  it  is  impossible  to  say  just  where  the 
lower  limits  of  this  formation  were  reached,  and  to  what  extent 
the  shaly  and  arenaceous  strata  of  the  Lower  Goal  Measures 
were  penetrated.  The  indefiniteness  as  to  the  depths  of  thi^ 
formation  is  indicated  by  the  irregular  termination  of  the  pat- 
tern in  the  section  sheet. 

The  idea  that  the  deposit  is  as  much  as  700  or  800  feet 
thick  seems  too  extravagant  to  be  accepted,  without  the  most 
convincing  evidence.  In  fact,  if  these  holes  reached  any  such 
depths  we  are  inclined  to  think  that  they  entered  the  strata  of 
the  Lower  Garboniferous  series. 

At  points  near  the  margin,  limestones  are  encountered 
under  the  sandstones  at  depths  dependent  upon  the  nearness  of 
the  excavation  to  the  margin,  and  at  low  points  within  the  area 
of  the  formation,  outcrops  of  limestone  are  exposed  by  the 
erosion  of  the  overlying  sandstone.  Such  an  outcrop  is  the 
one  at  the  mouth  of  Tabo  creek,  and  also  the  one  located  on 
the  map  in  section  11,  township   50  N.,  26  W. 

2.  This  long  and  comparatively  narrow  shape  of  thc)  de- 
posit is  shown  on  the  map.  Particularly  in  the  southern  portion 
has  it  these  characteristics,  toward  the  north  it  seems  to  spread 
out  in  a  more  estuary-like  form.  The  lateral  limits  are  defined 
by  outcrops  and  the  results  of  drilling,  such  as  have  been  de- 
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scribed,  and  the  fact  that  the  coals  and  associated  strata  of  the 
adjacent  area  terminate  abruptly  at  the  marginal  line  is  abund- 
antly proven. 

3.  The  superposition  of  the  sandstone  upon  the  Middle 
Goal  Measare  rocKs  is  indicated  by  the  fact  that  the  sandstone 
is  not  encountered  under  the  strata  of  that  formation  in  shafts 
and  drill  holes,  even  when  the  latter  are  close  to  the  margin 
of  the  sandstone ;  this  would  not  be  the  case  did  this  sand- 
stone underlie  those  strata.  Further,  the  contact  between  the 
two  formations,  exposed  at  the  mouth  of  Tabo  creek,  displays 
plainly  this  relationship,  and  similar  contacts  have  been  ob- 
served at  other  localities  not  included  on  the  sheet. 

4.  The  inclusion  of  fragments  of  the  adjacent  strata  in 
the  sandstone,  and  the  formation  of  a  breccia  or  conglomerate 
of  such  are  phenomena  which  were  not  observed  by  the  writer 
within  tbis  area,  but  Norwood's  reference  to  such  on  p.  37  of 
this  report  demonstrates  their  existence.  South  of  the  area, 
however,  in  the  vicinity  of  Warrensburg,  such  have  been  found 
at  several  points  by  the  writer,  the  fragments  consisting  of 
limestone,  shale,  clay  iron-stone  and  coal. 

A  study  of  the  descriptions  of  sections  already  given  will 
reveal  the  lithologic  character  of  this  formation.  It  is  a  soft 
sandstone,  always  micaceous,  generally  very  friable,  frequently 
excessively  false  bedded,  grading  rapidly  into  arenaceous  shale, 
almost  always  ferruginous  and  of  yellow  and  brown  colors.  It 
seldom  has  sufficient  coherence  to  be  of  value  for  strnctaral 
purposes  especially  within  this  sheet,  in  fact  it  is  sometimes  so 
soft  as  to  be  excavated  with  pick  and  shovel.  In  the  neigh- 
borhood of  Warrensbarg  and  at  other  points  in  the  State  it 
becomes  locally  more  coherent  and  is  extensively  quarried  for 
building  purposes  ;  it  is  there  also  of  a  gray,  or  faintly  yellow 
color,  containing  much  less  iron  than  at  other  points. 

The  outlines  of  the  formation  given  on  the  map  are  to  be 
taken  only  as  approximate.  Great  exactness  can,  from  the 
nature  of  the  case,  not  be  expected.  It  is  to  be  anticipated 
that  the  deposition  of  the  sandy  material  was  not  confined  en- 
tirely to  the  main  channel,  but  that  there  were  tributary  chan- 
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nels,  and  thas  that  tongae-like  lateral  extensions  of  the  forma- 
tion once  existed.  These  are  probably  in  part  removed  by 
erosion,  in  part  remained  concealed.  The  oatcrops  of  sand- 
stone in  section  18  of  township  51  N.,  24  W.,  and  of  section  16 
of  township  49  N.,  25  W.,  we  are  inclined  to  attribate  to  such 
an  origin.  The  extension  of  the  formation  ander  the  alluvial 
plain  north  of  the  Missoari  river  is  hypothetically  and  provis- 
ionally represented.  That  it  is  connected  with  similar  deposits 
exposed  in  Carroll  and  Bay  coanties  we  have  good  reason  to 
believe,  bat  we  are  not  yet  prepared  to  define  the  exact  line  of 
connection. 

THE   QUATERNARY  GEOLOGY. 
BY  J.  B.  TODD. 

The  superficial  geology  of  the  region  under  consideration 
is  usually  simple.  Traces  of  the  great  ice  invasion  are  very 
slight,  and  are  limited  to  the  extreme  northern  border.  The 
high  terraces  of  more  recent  times  are  not  conspicuous  and 
bottom  lands  are  not  extensive  in  the  region.  The  yellow  loam, 
known  as  Loess,  or  the  ^^  Bluff  Deposit,"  covers  almost  the 
whole  surface  like  a  blanket. 

^amed  in  chronological  order,  the  quaternary  formations 
found  here  are  as  follows  : 

1.  The  Drift. 

2.  The  Loess,  or  Upland  Loam. 

3.  The  Terraoes. 

4.  The  Bottoms. 
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We  will  cOD8ider  tbeni  in  this  order,  or  from  the  oldest  to 
the  most  recent.  Their  distribntion  is  ehown  on  ihe  following 
sketch  map : 


wUlilntrifUlKKlnsvllle  <Ltiii'l. 

The  Drift.  This  formation  is  bat  feebly  developed,  yet  it 
presents  most  of  the  characters  commonly  found  in  it  elsewhere. 
It  consists  of  a  confuRed  maas  of  crystalline  bonlders  and  peb- 
bles of  northern  origin,  mingled  with  sand  or  embedded  in  a 
yellowish  brown  cl»y.  The  formation  has  been  fonnd  only 
along  the  blnfTs  fronting  the  Missonri,  and  from  fifty  to  seventy 
feet  above  low  water.  It  is  rarely  over  three  feet  thick  and 
rests  npon  the  sarface  of  the  Carboniferous  rocks  below,  with 


56  ^IGGINSYILLB  SHEET. 

the  loose  blocks  of  which  it  is  more  or  less  commingled.  The 
bonlders  of  granite,  greenstone  and  red  qnartzite  frequently 
show  distinctly  planed  and  striated  surfaces. 

No  bine  till  has  been  fonnd,  nor  should  we  expect  it  in  so 
shallow  a  deposit.  No  striated  ledges  have  been  fonnd,  yet  it 
is  not  improbable  that  they  occor.  In  a  deep  ravine  near  the 
railroad,  a  little  west  of  Waverly,  several  large  blocks  of  lime- 
stone were  found  not  far  apart  with  one  side  planed  and  deeply 
striated,  as  though  they  might  have  come  from  such  a  ledge 
not  far  away. 

No  evidence  has  been  found  in  wells  which  would  seem 
to  indicate  the  existence  of  drift  back  from  the  Missouri. 
Moreover,  the  common  occurrence  of  Carboniferous  strata  over 
most  of  the  region  at  from  75  to  100  feet  higher  than  the  drift 
exposures  already  mentioned  almost  demonstrates  that  such  is 
not  the  case.  The  drift  is  everywhere  overlain  with  deep 
loess. 

The  Loess,  This  formation  is  the  principal  geological 
feature  of  the  region.  The  beauty  of  the  landscape  and  the 
fertility  of  the  soil  are  directly  traceable  to  it.  It  is  a  loam, 
usually  of  a  pale,  brownish-yellow  tint,  sometimes  bordering 
on  ash,  but  more  frequently,  in  this  county,  it  is  of  a  redder 
cast  than  the  typical  variety.  It  seems  also  to  be  generally  of 
a  somewhat  looser  texture  than  the  average,  less  inclined  to 
show  natural  surface  of  vertical  cleavage,  more  inclined  to 
wash  on  steep  hill-sides.  In  lower  exposures  it  has  been 
noticed  to  contain  numerous  small  black  concretions,  which 
indicate,  more  iron  than  is  usually  found  in  it  elsewhere.  Cal- 
careous concretions  on  the  other  hand,  seem  not  so  common  as 
in  many  other  localities.  It  contains  no  pebbles,  especially  in 
its  upper  portions.  No  fossils  have  been  noted  except  a  few 
fragile  land  snails. 

Where  it  rests  upon  Carboniferous  sandstone  or  shale,  it 
is  sometimes  more  or  less  mixed  with  them  for  a  few  feet. 
When  it  overlies  drift  it  becomes  more  clayey  below  and  of  a 
darker  and  redder  tint. 


HIOGINSVILLB  8HBBT. 


57 


It  has  Dot  been  foand  to  rise  higher  than  an  altitnde  of 
900  feet  above  the  sea,  in  the  region  under  consideration. 
There  are  three  areas  in  this  elevation;  two  near  the  Missouri, 
in  township  61  N.,  26  W.,  and  on^  west  of  Corder.  This  level 
corresponds  with  the  altitude  of  the  edge  of  the  loess  plain 
near  May  view. 

The  thickness  of  this  formation,  as  near  as  can  be  judged 
from  reports  of  wells  and  coal  shafts,  is  very  rarely  over  60 
feet  on  the  uplands,  and  is  sometimes  not  more  than  16  or  20. 
Near  the  Missouri  it  is  sometimes  over  100  feet  in  thickness. 
The  differences  in  thickness  and  in  the  altitude  of  the  general 
surface  of  the  little  eroded  uplands,  are  traceable  to  the  uneven- 
nesB  of  the  underlying  formations.  An  instructive  view  of 
the  loess  as  developed  aloog  the  river  at  Waverly  is  shown 
in  figure  7  ( plate  iii.) 

The  topography  of  the  country  is  largely  influenced  by 
certain  characteristics  of  the  loess,  which  are  brought  out  in 
its  erosion.  At  first  recession  of  the  waters  which  deposited 
it,  the  surface  loess,  we  conceive,  was  a  quite  even  and  almost 
level  plain.  Perhaps  there  were  differences  in  level  of  a  hun- 
dred feet  in  oar  area,  but  probably  not  so  great  by  half.  The 
present  streams  beginning  upon  this  plain  ere  long  cut  down 
through  the  loess  and  into  the  underlying  sandstones  and  clays. 
This  continued  until  a  base-level  of  about  700  feet  was  reached, 
as  has  been  done  by  all  the  streams  showing  bottoms  along 
their  courses.  This  level  is  nearly  200  feet  below  the  original 
plain.  In  many  regions  this  could  not  have  been  done  without 
many  cliffs  and  broken  areas  being  produced  too  rough  for  til- 
lage. But  in  this  loess-covered  region  such  features  are  almost 
unknown.  Everywhere  beautifully  smooth  surfaces  and  gentle 
curves  adorn  the  landscape.  This  effect  results  from  a  kind 
of  plasticity  in  the  loess  which  is  traceable  to  the  way  it  yields 
to  degradation.  This  degradation  is  accomplished  by  subterra- 
nean waters,  surface  waters  and  winds.  The  first  softens  the 
underlying  clays,  or  frequently  the  lower  part  of  the  loess 
itself.  Then  the  proneness  of  the  Ioes9  to  break  into  columnar 
portions  by  cracking  vertically,  allows  each  colunm  to  push 
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its  softened  base  dowQ  and  oat.  In  this  way  cliffs  and  steep 
banks  gradually  change  to  a  saccession  of  steps.  Bains  loosen 
the  sarface  portions  and  wash  them  into  the  crevices  and  tend 
to  fill  slight  depressions,  anless  they  collect  into  rills.  In  the 
latter  case  they  begin  a  farrow  which  may  soon  become  a 
gaily.  Bat  the  sides  of  this  again  will,  in  time,  be  gently 
sloped. 

Winds  also  play  an  important  part  in  shaping  the  loess, 
especially  in  smoothing  it  and  giving  it  a  roanded  oatline. 
The  fine  particles  loosed  by  frost  or  drouth  are  swept  like  the 
snow.  This  influence  is  rarely  marked,  but  in  a  great  length 
of  time  doubtless  amounts  to  considerable. 

The  result  is  that  the  loess  has  crept  down  and  thickly 
covered  all  slopes,  some  of  them  many  feet  below  its  original 
base,  so  that  it  may  often  seem  to  a  superficial  observer  to  be 
from  150  to  200  feet  thick.  This  tendency  of  the  loess  is  of 
great  value  to  the  farmer,  for  it  furnishes  a  valuable  subsoil 
over  the  whole  region.  By  reason  of  its  porosity  it  quickly 
absorbs  the  rain,  yet  it  prevents  excess  of  moisture  by  natural 
underdrainage.  It  furnishes  a  happy  medium  between  clay  and 
sand,  is  most  easily  tilled  in  either  wet  or  dry  seasons. 

It  follows  from  the  above  that  the  loess,  as  found  in  val- 
leys and  on  the  lower  hillsides,  is  rarely  in  its  true  relation  to 
underlying  formations  and  is  apt  to  be  mingled  with  them. 
The  more  instructive  sections  are  to  be  sought  therefore  on 
the  uplands. 

The  Terrace,  There  is  found  along  the  Missouri  river  at 
several  points  in  the  State  a  high  terrace  rising  100  to  125  feet 
above  the  stream.  No  trace  of  this  has  been  found  in  eastern 
Lafayette  county,  along  that  stream,  but  west  of  Tabo  creek  a 
portion  appears  on  our  map  of  quite  an  extensive  terrace  rising 
60  to  80  feet  above  the  river.  Its  structure  has  not  been  closely 
studied,  but  in  a  general  view  of  the  valley  it  is  quite  notice- 
able.   It  is  much  eroded. 

The  Bottoms.  Under  this  head  we  include  both  the  *^ Allu- 
vium "  and  "  Bottom  Prairie  "  of  Swallow.  They  have  all  been 
formed  by  the  present  streams  flowing  at  their  present  level. 
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The  only  differenoe  between  the  classes  mentioned  in  earlier 
reports  seem  to  be  one  of  age.  The  bottoms  are  noticeable 
along  Davis,  Salt  and  Tabo  creeks,  sometimes  attaining  a 
breadth  of  half  or  three-fonrths  of  a  mile.  Along  the  Missouri 
very  little  bottom  land  is  foand  in  this  connty,  although  it  is 
very  wide  on  the  north  side.  Everywhere  these  lands  are  rich 
and  valaable,  excepting  in  limited  portions  which  are  marshy. 
Opportnnity  has  not  been  found  to  examine  exhaustively 
the  whole  area  under  consideration.  There  is  room  for  further 
discoveries  concerning  the  Quaternary  formations,  but  the 
above  will,  we  believe,  give  a  fairly  correct  view  of  the  general 
facts. 

STBUOTUEAL   GEOLOGY. 

The  geologic  structure  of  the  Higginsville  sheet  is  ex- 
tremely simple.  It  is  well  displayed  upon  the  map  and  section 
sheet  accompanying  this  report,  and  only  a  few  words  are 
needed  in  addition  to  direct  attention  to  what  is  there  repre- 
sented. The  strata  lie  conformably  upon  each  other,  with  the 
exception  of  the  Warrensburg  sandstone,  which  is  uncomfort- 
able upon  the  members  of  the  Lower  and  Middle  Goal  Meas- 
ures, as  already  explained.  These  strata  are  seen  to  have  a 
slight  northwesterly  dip  when  widely  separated  exposures  are 
compared,  but  within  limited  areas  they  appear  to  occupy 
practically  horizontal  positions.  Thus,  along  the  river  bluffy 
about  three  miles  west  of  Waverly,  the  Mulky  coal  bed  is  at 
an  altitude  of  about  760  feet  A.  T.,^  while  about  10  miles  further 
west,  at  the  mouth  of  the  Tabo  creek,  the  altitude  of  this  same 
bed  is  about  705  feet  A.  T.  Along  the  Chicago  &  Alton  rail- 
way, the  altitude  of  the  Mulky  bed  south  of  Corder  is  about 
780  feet  A.  T.,  and  some  ten  miles  west,  near  Higginsville,  the 
horizon  of  the  coal  referred  to  the  Mulky  bed  is  about  750 
feet  A.  T. 

In  the  southwestern  corner  of  the  sheet  there  is  evidence 
of  a  dip  to  the  northwest  of  the  Mulky  coal  bed  and  of  the  im- 
mediately associated  strata,  while  the  Lexington  coal  bed 
remains  horizontal.  Consequently  the  interval  between  the 
two  increases  as  is  exhibited  in  the  cross  section  N  —  O,  on 
the  section  sheet. 
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A  comparieoD  of  the  varions  horizon  lines  with  the  con- 
tour lines  on  the  map  will  reveal  a  number  of  minor  nndala- 
tions,  producing  local  dips  at  different  points ;  these  are  to  be 
attributed  both  to  irregularities  of  movement  in  the  uplifting 
and  depressing  which  this  area  was  subjected  to,  as  well  as  to 
unequal  settling  of  (he  subjacent  strata  during  the  period  of 
their  deposition  and  to  inequalities  in  original  deposition. 

ECONOMIC  GEOLOGY. 

The  mineral  of  most  economic  importance  in  the  Higgins- 
ville  area  is,  at  present,  emphatically  coal.  Of  minor  import* 
ance  are  the  clays,  shales  and  building  stones. 

COAL. 

Goal  is  mined  on  a  large  or  small  scale  at  a  great  number 
of  points,  most  of  which  are  designated  on  the  map.  The 
mining  is  prosecuted  chiefly  in  one  bed,  which  is  known  as  the 
Lexington  bed,  from  its  early  discovery  and  extensive  later 
development  in  the  vicinity  of  the  town  of  Lexington,  further 
west  in  the  county.  In  addition  to  this,  however,  three  other 
separate  beds  are  recognized  as  operated  within  our  area. 
These  are,  in  descending  order,  first,  the  Mulky  coal  bed, 
named  from  its  occurrence  on  Mulky  creek,  a  few  miles  south 
of  Anllville;  next,  the  coal  bed  operated  at  Edwards  station, 
on  the  Missouri  river,  and  last,  the  Waverly  coal  bed,  operated 
by  shafts  at  that  point.  These  beds  we  will  now  describe  suc- 
cessively, beginning  with  the  lowest. 

The  Wavbrly  Coal  Bed.  By  reference  to  the  sections 
of  the  section  sheet,  and  to  sections  I  and  II  on  previous 
pages,  it  will  be  seen  that  the  Waverly  coal  bed  is  assigned 
a  position  about  130  feet  below  the  top  of  the  Lower  Coal 
Measures.  The  existence  of  a  coal  bed  at  about  this  horizon 
has  been  suspected  from  the  results  of  deep  drilling  in  past 
years  in  this  neighborhood,  and  its  presence  has  been  con- 
sidered possible  from  the  knowledge  that  there  yet  existed  a 
great  thickness  of  comparatively  unexplored  Coal  Measure 
rocks  beneath  the  coal  beds  worked  in  this  neighborhood.  Not 
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notil  the  spring  of  1891,  however,  was  this  oonclasively  demon- 
fitrated,  when  a  trial  shaft  was  pat  down  at  Waverly  by  the 
Middleton  Coal  Go.  This  shaft  is  located  immediately  north 
of  the  railway  on  the  river  bank;  a  section  of  it  is  given 
in  section  II.  The  total  df pth  is  aboat  75  feet.  Two  other 
coal  seams,  it  will  be  noticed,  were  passed  throngh  before  the 
lowest,  or  Waverly  bed,  was  reached;  these  were,  however, 
too  thin  to  be  of  economic  importance.  The  following  section 
of  the  Waverly  bed  was  measured  here  by  Mr.  Gluck : 

SKITION    XX XIII. 
WAVKKLV  COAL   llEI)  AT  MIDDLETOX  COAL  CO. 's  SIlAtT. 

Feet.  Inches. 
1      ^hale,  soft,  dark  brottm,  ffroiring  darker  toirnrd  the  coal,  uHth  thin ,  len- 
ticular layers  of  coal 10 

2.     C«»VL 10'3-12 

:i.     S\\»le,  imrting,  pyrili/eroits,  not  perviitttnt -4 -1*2 

i.    CoAi i:M6 

5.  Shale,  parting,  per«i«te«f,  no«-y>yri<i/eroM« 1*,-'2.S 

6.  OOAL 6 

7.  Clay. 

Total  thickness  of  coal 1  ft.  sin. 

Mr.  Glack  reports  that  the  coal  contains  pyrite  in  plates 
aboat  one-sixteenth  of  an  inch  thick,  which  occars  along  the 
joint  planes.  Little  calcite  or  selenite  was  observed.  The 
coal  appeared  hard  and  clean,  breaking  with  a  sharp  fracture. 

The  Waverly  Goal  and  Mining  Go.^s  shaft  is  about  one- 
eighth  of  a  mile  east  of  the  last,  and  is  located  on  the  map. 
The  platform  is  about  10  feet  above  the  railway,  and  the  shaft 
is  about  102  feet  deep.  Notes  from  the  record  of  this  shaft 
are  given  under  section  1.  Five  thin  streaks  of  coal  are  shown 
there  to  overlie  the  bed  operated ;  none  of  them  of  eco- 
nomic value,  however. 

The  following  section  of  the  Waverly  bed  was  measured 
by  the  writer : 

.SKITION    XXXIV. 
WAVKIILY   COAL   11K1>   AT   WAVKKLY   COAL  &   .MISIN<;   < O.'S   SHAFT. 

F(»et.  Inches. 

1.  Shali',  gray t  sand !/ 1  0 

2.  Shale ,  black,  teuaceons    '. 1  ♦'» 

3.  CoAl 2  s 

4.  Shale,  parting 7»2-2 

5.  Coal 7-H 

6.  Shale,  sandy,  hard. 


Total  coal 3  ft.  4  In. 
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A  sample  of  this  coal  was  collected  by  the  writer  for  anal- 
ysis,  chips  being  taken  across  the  face  of  several  large  blocks 
of  coal  representing  the  whole  face  of  the  bed. 

The  following  are  the  results  of  the  analysis  made  by  Mr. 
J.  D.  Robertson,  in  the  Survey  Laboratory: 

AXALrsiH  OK  WAVKRLT  COAL,   VVAVERLT  C.   It  M.    <'0.'8  SHAFT. 

(AndlyM  So.  if 7/,  Mo.  Geof,  Survey.) 

Moisture 0.50  per  cent. 

Volatile  hydro -carbon  and  sulphur 40.40    "      •* 

Fixed  carbon 44.46    *• 

Ash  and  sulphur 14.55    •• 


Total 100.00 


<  t 


( <      I « 


Sulphur  of  combustion  (deleterious) 4.91    *'      '* 

Sulphur  remaining;  In  ash 18    '*      *' 


Total  sulphur  5.09    •  * 


1 1 


Lahokatout  XoTEfs.  The  coal  ranks  by  composition  as  a  highly  bituminous 
coal.  The  specimens  of  the  sample  were  of  medium  hardness,  had  a  bright 
lustre,  contained  much  selenlte  and  calclte  along  the  Joint  planes,  but  little 
pyrlte.  The  sulphur  contents  Is  high,  as  Is  also  the  per  centage  of  ash.  The  moist- 
ure is  abnormally  low.  In  a  small  porcelain  crucible  the  powdered  coal  yields 
a  firm  porous  cake  with  a  sub-metallic,  graphitic  lustre.  The  ash  Is  of  a  dark 
violet  red  color. 

The  resalts  of  the  laboratory  work  show  that  this  coal  has 
an  ample  supply  of  hydro-carbon  to  permit  its  use  for  the 
manufacturing  of  gas,  but  whether  this  is  of  sufficient  candle 
power  can  be  determined  only  by  a  more  elaborate  ^^ ultimate 
analysis."  The  high  sulphur  percen  tage  does  not,  however 
recommend  it  for  such  use,  and  unless  this  can  be  reduced  the, 
coal  could  not,  at  present,  compete  with  other  gas  coals.  The 
crucible  test  shows  that  this  coal  may  possibly  be  a  coking 
coal,  but  experimental  work  on  a  large  scale  is  necessary  to 
determine  this.  The  high  sulphur  and  ash  contents  would 
injure  the  sale  of  the  coke  in  the  market. 

The  Francisco  shaft  is  located  on  the  map,  and  is  there 
seen  to  be  on  the  west  edge  of  the  town  of  Waverly,  adjacent 
to  the  railway.  The  shaft  is  105  feet  deep  and  the  top  is  about 
at  the  level  of  the  railway.  The  following  section  of  the  coal 
bed  was  here  measured  by  the  writer : 
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SECTION  XXXV. 
WAVERLY  COAL  IJEH  AT   FRANCISCO   SHAFT. 

Feet.  Inches. 

1 .  .Sandstone,  shaly,  micaceous^  to/t 2  6 

2.  Sliale,  black 3 

3.  Coal,  shaly,  pyriti/erous fi 

i .    Coal,  good 2  6 

5.  Clay,  parting 2 

6.  Coal 8 

:.  Shale  and  Coal  3 

8.  Sandstone,  «Aa/^,  Ziil-e  / 5 

Total  thickness 3  ft .  8  In . 

These  are  all  the  openiags  which  have  thus  far  been  made 
in  the  Waverly  coal  bed.  At  other  points  within  the  area, 
however,  coal  has  been  strack  at  depths  by  drilling,  which 
probably  belongs  to  this  horizon.  Thas,  in  the  Oatron  well 
(Section  XII,  No.  7  ),  a  coal  bed  about  three  feet  thick  is 
reported  to  have  been  encountered  at  a  depth  of  aboat  130 
feet  below  the  top  of  the  Lower  Goal  Measares,  which,  if 
present,  is  donbtless  the  Waverly  bed.  Similarly  in  the  deep 
well  at  Aullville  (Section  XV,  No.  16,  p.  33),  the  record  shows 
the  presence  of  a  coal  bed  over  two  feet  thick  at  a  depth 
of  aboat  150  feet  below  where  we  placa  the  top  line  of  the 
Lower  Coal  Measures,  which  coal  we  would  also  class  as 
the  Waverly  bed.  Finally,  the  lowest  coal  bed,  five  inches 
thick,  struck  in  the  drill-hole  at  Corder  (Section  XXVI,  No.  62, 
p.  40),  is  at  the  proper  horizon  to  be  classed  as  the  Waverly 
bed;  whether  the  apparant  thinness  of  the  bed  is  an  actual 
fact,  or  whether  it  is  a  result  of  the  imperfections  of  the  churn- 
drill,  we  are  unable  to  say.  At  the  Froeschly  place,  in  section 
8,  township  49  N.,  25  W.,  a  drill-hole  was  put  down  to  a  depth 
of  240  feet  or  more,  and  the  driller  reports  that  a  coal  bed 
three  to  four  feet  thick  was  encountered,  about  20(»  feet  below 
the  Lexington  bed,  or  about  130  feet  below  the  top  of  the 
Lower  Goal  Measures. 

The  suggestions  conveyed  by  these  results  of  drilling, 
together  with  the  demonstration  of  the  existence  of  this  coal 
bed  at  Waverly,  are  sufficient  to  warrant  further  drilling  and 
exploration  in  search  of  it  over  the  contiguous  country.    The 
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resalts  of  drilling  done  between  Waverlyand  Edwards  station, 
which  are  withheld  from  pablication,  indicate  both  that  this 
bed  dips  to  the  west  from  the  former  point,  and  that  there  is  a 
thickening  of  the  overlying  rocks  westward. 

The  horizon  of  this  bed  is  so  deep  below  the  sarface  here 
that  it  extends  ander  the  whole  area  represented  by  the  sheet, 
and  the  qnestions  to  be  determined  are  its  exact  depth  beneath 
the  surface  and  its  thickness  and  character  at  different  points. 
The  nature  of  the  coal  and  of  the  associated  strata  as  devel- 
oped at  Waverly,  strongly  suggest  that  the  bed  is  the  same  as 
that  mined  so  extensively  in  Randolph  county,  at  Huntsville 
and  elsewhere.  We  postpone  decision  concerning  such  corre- 
lation, however,  until  the  intervening  area  is  more  thoroughly 
studied. 

THE  EDWARDS   GOAL  BED. 

The  shaft  of  the  Riverside  Goal  Company,  at  Bdwards 
station,  is  described  under  Sec.  IX.  The  coal  operated 
here,  which  occurs  at  the  base  of  this  shaft,  is  about  15  inches 
thick,  and  is  assigned  a  position  about  100  feet  below  the  top 
of  the  Lower  Goal  Measures.  This  is  some  30  feet  higher 
stratigraphically  than  is  the  Waverly  bed  at  Waverly.  This 
fact,  together  with  considerations  of  the  thickness  of  the  coal 
and  the  association  of  the  strata,  combined  with  the  inference 
from  the  results  of  the  drilling  between  Edwards  station  and 
Waverly,  above  referred  to,  lead  to  the  conclusion  that  the  coal 
bed  at  Edwards  station  is  not  the  Waverly  bed,  but  that  it 
belongs  higher  in  the  section  and  is,  perhaps,  as  much  as  100 
feet  above  the  latter  at  this  point.  This  bed  is  below  the  level 
of  the  Missouri  river  over  the  whole  area,  and  hence  is  not 
exposed  nor  does  not  crop  out  anywhere  here.  The  following 
section  of  this  coal  was  measured  in  the  shaft  by  the  writer : 

.Section  XXXVI. 

E1>WAKI>8  t'OAL  IN  RIVKRSIDE  8IIAKT. 

Feet.  Inches. 

1 .  Limestone  ( ?)  clayetf,  pifriii/eroui,  fouUiferous 1  s 

2.  Shale.  6<acit 2 

.S.    Shale.  (vi/careoiM, /mrrf,  fr<<icJk 10 
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i .    Shale,  black, jigsUe 2 

5.      (^OAL , 1 

«     Clay 4  6 

7.    Llmestono  (not  seen) 


-  3 


Total  coal 1  ft.  3»,  In. 

A  sample  of  this  coal  was  collected  by  the  writer,  consist- 
ing of  chips  taken  along  a  cross-section  of  a  large  lamp  of 
coal  which  had  been  freshly  mined  from  the  foot  of  the  shaft. 
The  resalts  of  the  analysis  of  this  sample  made  by  Mr.  J.  D. 
Robertson  in  the  Survey  Laboratory  are  as  follows : 

VXALYMIS   OF   KI>\VARI>S  COAL,    HIVEKSI1>K   COAL  CO.    SIIAl-T. 

(Analysis  No.  'J 1 3,  Mo.  Geol.  Survey.) 

Moisture 4.97  per  cent. 

Volatile  hydro-carbon  and  sulphur 42.06    ••       " 

Fixed  carlx)n   42.27    '•        '* 

Ash 10.70    *• 


Total 100. (X) 

Sulphur  of  combustion  (deleterious) 5.07 

Sulphur  remaining  In  ash 59 


t  c 


Total  sulphur 5.6<J    •• 

Laboratoky  Notk.s.  This  coal  ranks  as  a  highly  bituminous  coal,  exhlblt- 
InK  much  pure  bitumen.  No  pyrlte  was  observed ,  but  considerable  selcnlte  occurs 
along  the  Joint  planes.  It  cokes  well  In  a  small  porcelain  crucible,  the  product 
beiUK  ttrm  and  hard,  with  a  graphitic  lustre.  The  ash  Is  of  dark,  brick  red  color . 
The  sulphur  and  moisture  percentages  are  high,  the  ash  moderate. 

The  highly  bitaminons  character  of  the  coal  and  the  coking 
qualities  exhibited  would  recommend  it  for  gas  uses  were  the 
sulphur  contents  not  so  high,  and  if  the  candle  power  of  the 
gas  is  sufficient.  The  laboratory  results  indicate  quite  strongly 
that  a  good  coke  may  be  produced  from  this  coal,  but  the  high 
percentage  of  sulphur  is  here  an  objectionable  factor. 

The  Edwards  coal  has  not  been  identified  at  any  other 
point  within  the  area.  It  is  probably  of  limited  extent,  at  least 
that  portion  of  it  which  is  of  workable  thickness.  It  is  possible 
that  it  may  be  represented  by  some  one  of  the  thin  coal  seams 
which  were  encountered  in  the  shafts  at  Waverly,  above  the 
Waverly  bed,  or  by  the  second  coal  bed  from  the  bottom  in  the 
Oorder  drill-hole.  The  available  date  will  not,  however,  author- 
ize more  than  a  suggestion  in  this  direction. 

G— 5 
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THB   MULKY   COAL  BED. 

The  Malky  coal  bed  is  in  the  Middle  Goal  Measures,  and 
occupies  a  place  about  twenty  feet  above  the  base  of  that 
formation.  Its  position  is  clearly  shown  on  the  map  and  in  the 
various  sections  of  the  section  sheet  accompanying  this  report. 
Only  at  one  point,  strictly  speaking  within  the  area  of  the  sheet, 
is  the  bed  operated,  namely,  at  the  Gorder  shaft,  south  of  Alma. 
Immediately  beyond  the  southern  line,  however,  this  bed  is 
worked  at  several  points. 

The  Corder  shaft  is  located  on  the  map  about  three  miles 
southeast  of  the  town  of  Alma.  It  is  only  18  feet  deep.  The 
following  section  was  obtained  by  the  writer  from  a  miner  at 
this  shaft : 

SKrxiox  XXXVII. 

MILKY  COAL  IIKD  AT  CORDKU  SHAFT. 

(  Xo.   10  Of  Section  Sheet.) 

Feet.  Inches. 

1.  Limestone 1  2 

2.  Shale,  black,  jiMile 5  to  6 

3.  Coal l  « 

4.  Clay 4 


Total  coal 1  ft.  filn. 

This  coal  bed  is  clearly  recognized  only  south  of  the  Chicago 
and  Alton  railway,  and  here  only  at  somewhat  widely  separated 
points.  Id  section  12,  township  49  N.,  25  W.,  in  the  creek  bed, 
near  the  middle  of  the  west  line,  coal  is  exposed  and  was  seen 
by  Mr.  C.  F.  Marbut.  This  we  consider  to  belong  to  the  Mulky 
bed.  The  overlying  shale  and  limestone  are  to  be  seen  in  the 
creek  banks  and  the  following  section  of  these  was  measured 
by  the  writer : 

.SKCTION    XXXVIII. 
ROCKS   OVER    Ml  LKV   ( OAL,   SE(".    12,  TWI».    VJ  N..   2."!   W. 

FVet.  Inches. 

1 .  Limestone,  rtaggy 1-t- 

2.  shale,  rfoyey,  yeUotr  1 

H.     Shale,  black;  nsifUe 3 

About  two  miles  south  of  this,  in  section  24  of  the  same 
township,  are  several  openings,  located  on  the  map,  in  coals 
which  we  assign  to  the  Mulky  bed.    Norwood  refers  to  such 
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Id  his  manuscript,  on  the  Roberts  and  Harrison  farms,  and  he 
Btates  that  the  coal  bed  is  from  24  to  26  inches  thick,  and  the 
overlying  black  strata  5  or  6  feet  thick,  from  information  far- 
oished  by  Mr.  Harrison.  On  a  recent  visit  the  following  section 
was  measured  by  the  writer  at  the  pit  shown  on  the  map  near 
the  middle  of  section  24 : 

SE4T10N   XXXIX. 
MIILKY   COAL   BKI),    SEC.    24,   TWl'.    49  N.,  25  W. 

Feet.  Inches. 

1 .  Limestone 1  a 

2.  Hhale t  rlayei/ ,  yelloir 1 

3.  Shale,  black,  fissile    fi 

4.  Coal  1  6 

Total  coal 1  ft.  6  In. 

The  coal  encountered  in  the  well,  half  mile  west  of  the 
last  point,  belongs,  undoubtedly,  to  the  same  bed.  The  coal 
in  the  Stapp  well,  shown  on  the  map,  in  section  14  of  the  same 
township,  and  the  coal  formerly  mined  in  the  creek  bed  a 
quarter  of  a  mile  west,  are  assigned  to  the  same  horizon. 

The  Payne  drift  is  on  the  south  line  of  section  lf»,  in  the 
southeast  quarter.  It  enters  the  hill-side  just  above  the  county 
road.  The  mine  was  abandoned  at  the  time  of  inspection,  and 
DO  measurements  of  the  bed  could  be  made.  Broadhead  gives 
the  following  section  of  a  coal  bed  and  associated  rocks  on 
Gharles  Payne's  land,  two  and  one*half  miles  east  of  Aullville, 
which  is  presumably  the  same : 

SKCTION   XL. 
MILKY    COAL   KEI>.    CHAHLKS   PAYNE'.S   LAM).      ( FrOm  BtOadh  €ad .  )* 

Feet.  Inches. 

1.  Limestone 4 

2.  Slate 2 

•L    Shale,  piirUifcrous  and  hUuminous  irith   many  fossils ,  mostly  Chonetts 

mesoloho, 1             6 

4.  Clay,  WacA- 4 

5 .  Coal  ,  Intuminous 1            6 

♦>-    Fireclay. 

Total  coal 1  ft.  «  In. 

The  following  results  of  analysis  of  this  coal  are  also  in- 
cluded in  the  same  report : 

•  Report  Mo.  Geological  Survey,  1872,  Part  II,  p.  47. 
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TOI».  MIDDLE.  BOTTOM. 

Water 8.85  7.02  T.75 

Volatile 87.27  37.67  34.05 

Fixed  carbon 44. ho  3ihfi6  40.03 

Ash 9.10  15.65  18.17 

Color  of  each Cream.  Very  light  brown.  Lt.  chocolate. 

These  resalts  show  the  coal  to  be  decidedly  bitaminoas^ 
but  with  a  somewhat  high  percentage  of  ash.  Broadhead 
classes  this  coal  as  of  the  Lexington  bed.  We  differ  from  him 
in  this  determination  and  assign  it  to  the  lower  Malky  coal 
bed.  The  topographic  position  is  in  support  of  this  view;  the 
nature  of  the  section,  especially  the  great  thickness  of  the 
overlying  shale  is  further  reason  for  this  conclusion,  and  finally^ 
a  bed  which  we  unhesitatingly  recognize  as  the  Lexington  bed 
is  dug  north  of  this  in  the  uplands  40  or  50  feet  above  the 
level  of  the  coal  at  Payne's.  At  AuUville,  in  the  drill-hole  de- 
scribed under  section  XV,  on  page  33,  a  coal  bed  struck 
about  30  feet  beneath  the  surface  is  thought  to  possibly  repre- 
sent the  Mulky  bed.  If  this  be  the  case,  it  acquires  a  notice- 
able westwardly  dip  at  this  point,  the  bed  being  here  some  60 
feet  below  its  level  at  the  Payne  drift.  A  mile  or  more  west 
of  this  again,  in  the  Koberts  and  Parker  drill-hole,  the  coal 
bed  numbered  12,  in  section  XXX  of  p.  44,  is  also  assigned  to 
the  Mulky  bed.  This  bed  is  still  20  feet  lower  than  that  at 
Aullville.  and  this  adds  further  support  to  the  hypothesis  of  a 
westerly  dip  of  the  Mulky  coal  bed  here. 

In  the  drill-hole  at  Oorder  no  coal  is  reported  to  have  been 
encountered  at  the  position  where  we  might  expect  to  find  the 
Mulky  bed,  namely  about  stratum  21  of  section  XXVI,  on  p. 
4 1.  The  presence  of  the  limestone  beds  here  with  the  body  of 
shale  between,  suggest  that  the  coal  does  not  extend  this  far^ 
while  the  associated  strata  do.  North  and  east  of  this,  in  the 
Catron  well,  in  section  4,  township  50  N.,  24  W.,  the  coal  of 
the  stratum  numbered  5,  of  section  XII,  is  considered  to 
be  the  Mulky  bed,  as  is  also  that  dug  in  the  hills  along  Salt 
creek,  at  the  Smith  pits,  about  a  mile  west  of  Catron's.  The 
coal  at  Smith's  could  not  be  seen  when  the  locality  was  visited, 
but  the  owner  of  the  land  states  that  the  bed  is  about  a  foot 
thick,  and  overlain  by  black  shale.    Again,  south  of  Dover^ 
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BloDg  a  fork  of  Tabo  creek,  the  Molky  bed  makeB  its  appearance 
as  is  indicated  on  the  map.  The  Luke  drift  at  this  locality  is 
in  the  Malky  bed.  This  drift  has  been  abandoned  for  a  nam- 
ber  of  years  and  no  measarements  coald  be  made  here.  In  the 
Phillips  well,  referred  to  on  p.  38,  the  lowest  bed  encountered 
is  assigned  to  the  Mulky  bed ;  it  is  reported  to  be  about  22 
iDches  thick.  Finally,  at  the  mouth  of  Tabo  creek,  the  coal 
numbered  3  in  section  XVIII,  is  considered  to  belong  to  the 
Mulky  bed. 

As  already  stated,  the  presence  of  the  Mulky  bed  is  best 
established  and  its  area  is  best  defined  in  the  south-eastern 
portion  of  our  sheet,  and  here  the  horizon  line  of  the  bed  is 
shown  on  the  map.  In  the  northern  portion  of  the  area  the 
presence  of  the  bed  over  any  considerable  portion  seems 
doubtful,  or  at  least  its  presence  in  workable  thickness  can 
hardly  be  considered  established.  Hence  it  is  deemed  advisable 
to  omit  the  delineation  of  the  horizon  over  this  area,  though  it 
occurs  well  above  the  drainage  level. 

THE  LEXINGTON   COAL  BED. 

As  has  been  already  stated  in  this  report,  the  nor- 
mal position  of  the  Lexington  coal  bed  here  is  about  70  feet 
above  the  bottom  of  the  Middle  Coal  Measures.  Its  place  and 
distribution  are  clearly  displayed  on  the  map  and  accompany- 
ing sections.  It  is  the  most  extensively  operated  bed  within 
the  area,  and  has,  at  present,  greater  economic  prominence 
than  any  one  of  the  beds  thus  far  described.  This  is  due  largely 
to  its  topographic  position,  and,  as  a  result,  its  extent  is  much 
better  defined.  The  mines  north  of  Dover  are  operating  this 
bed,  as  are  also  those  in  the  vicinity  of  Gorder,  those  about 
Higginsville  and  those  west  of  Aullville.  Beginning  with  the 
openings  along  the  Missouri  river,  north  of  Dover,  we  will  now 
describe  successively  each  one  concerning  which  information 
oould  be  obtained. 

The  eastmost  point  along  the  river  at  which  we  have  any 
reliable  notice  of  the  existence  of  the  Lexington  coal  bed  is  in 
section  12,  of  township  51  N.,  25  W.    No  mines  have  been 
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operated  here  dnriDg  recent  years,  bat  at  the  time  of  Mr.  Edwii» 
Harrison's  examinatiou  of  this  county,  several  seem  to  have^ 
been  in  operation.  Of  these  he  gives  the  following  descrip- 
tion : 

Section  XLI. 

lbxington  coal  bed,  oko.  flrtchek  mines,  s.  e.  '4—8.  w.  ',— sec.  12,  51  n.,25  1*'. 

(From  Edtrin  UarrUon.) 

Feet.  Inches. 

1 .  Limestone,  hardt  bluish  and  buff,  heavy  bedded ,  compcLd 2  6 

2.  Limestone,  bluish  and  yeUowish,  in  layers  from  Oto  IH  inches  thick:  sepa- 

rated by  seams  of  yellow  shale  j  from  J  to  4  inches  thick 3  6 

».    Shale,  light  yellow,  argillo-calcareoits 1  i* 

4.  Limestone,  bluish,  weathemng  yelloir  to  the  depth  of  several  inches;  hard, 

compact,  uneven  bedded 4 

5.  Clay,  yelloip 1 

6.  Shale,  black,  argillo-biiuminous a 

7.  COAh,  good 1 

8.  Slope  to  rlTer  leyel 85 

Total  coal l  ft. 

Concerning  the  coal  at  this  locality,  Mr.  Harrison  adds  the 
following:  ^^The  mines  suddenly  narrow  vertically  and  occa- 
sionally;  though  (as  I  am  told  by  Mr.  Sullivan)  the  bed  i» 
generally  about  2  feet  thick,  it  not  unfreqnently  narrows  down 
to  2  or  3  inches,  or  even  gives  out  entirely." 

In  the  adjoining  section  to  the  west,  about  a  mile  and  a 
half  from  Fletchers,  the  following  section  occurs : 

Section  XLII. 

LEXIN<;T()N   coal  IIED.  SILLIVAN   mines,   W.  »2— S.  W.    \,  SEC.   11,  51  N.,  'io   \v. 

(From  Kdirin  Jlarrison.) 

Feet.  Inches 

1 .  Limestone,  interstratified  tcith  yelloir  argillaceous  shale '. 1             9 

2.  Shale,  yellow,  argillo- calcareous 9 

H.     Limestone,  bluish,  weathering  yellow,  uneven  bedded i            fi 

•I .     Shale,  reddish,  yellow  and  argillo-calcareous 1 

5.     ShaX^,  lead  colored,  argill€iceous H. 

♦5.     Shale,  bluish  black,  argillaceous H 

7.  Vl&y,  yellow  and  blue S 

8.  Coal i 

Total  coal i  ft . 

About  two  miles  west  of  this,  in  the  river  bluff  near  the 
west  line  of  section  9,  of  the  same  township,  is  the  Spruel  drift. 
This  is  located  on  the  map.  Here  the  following  section  was^ 
measured  by  Mr.  Leo  Gluck : 
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SECTION   XLIII. 
LEXIXiiTOX  COAL  HKI),  M'HUKL  DRItT. 

FtM't.  Inches. 

1.  Llmestont',  blue 2 

2.  Intervel  (liniestone  and  sliale  ) 8 

8.    lAmestonet  blue,  compact i  ♦; 

4.  Shale t  80/t,  black' 5 

5.  COAL 1  3 

♦>.    Interval  to  railway  level 75 


Total  coal 1  ft.  8  In. 

Aboat  a  mile  sonthwest  of  this,  near  the  middle  of  the  N. 
W.  i  of  section  17,  Harrison  describes  the  following  section 
high  up  in  the  bluffs,  at  the  Parker  mines : 

SKrxiox  XLIV. 

LKXINUTOX    COAL   HED,    PAKKEK   .MIXES. 

(From  Kdtrin  Harrison.) 

Feet.  Inches. 

1.  Limestone 8  8 

2.  Coal 4 

8.     Clay,  darky  blue,  argillaceous I'a 

4.  C(i\L,  good 1  h 

5.  Shale  or  clay ,  blue  and  i/tUow,  argillaceous 1 

G.     Slope 1(X)  (?  A.  W.) 


Total  coal 2  ft.  0  In. 

About  a  quarter  of  a  mile  sonthwest  of  this,  in  the  same 
section,  is  the  Steele  and  Davis  or  the  Dover  Goal  Go.'s  drift, 
which  is  located  on  the  map,  in  side  of  the  bluff  immediately 
above  the  railway.  Here  the  following  section  was  measured 
by  Mr.  Leo  Gluck  : 

SECTiox  XLV.    (  See  plat  on  Section  Sheet.) 

LE.XIXJ.TOX    COAL   BKI),  STEELE  &   DAVIS    DKIFT. 

Feet.  Inches. 

1.  Umcstone 4 

2.  Shale ,  jissile,  black,  not  persistent 2 '  i 

8     Coal  ("  top  coal")  »5 

4.  Clayhand 8 

5.  C'<)AL I  5 

«.  Clay,  (lark  (♦•  mining"  )  8 

7.  Fire-clay 2—4 

H.    Limestone.  

Total  coal 2  ft.  oln. 

Pyrite  was  observed  by  Mr.  Gluck  at  the  mine  throughout 
the  coal  in  flakes  and  also  in  nodules.  The  underclay  attains 
a  thickness  of  5  feet  in  places.    The  ^^Top  Goal "  was  observed 
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to  be  not  persistent  and  is  absent  about  half  the  time.  Rolls 
or  faults  also  diminish  the  thickness  of  the  coal  in  places.  The 
thinness  of  the  shale  or  ''  slate  "  over  the  coal  is  a  disadvantage 
here,  inasmach  as  it  does  not  supply  enough  '^  packing,"  and, 
hence,  the  soft  bottom  clay  has  to  be  used,  which  is  an  inferior 
material.  The  coal  is  shipped  to  neighboring  points  on  the 
railway  and  to  Kansas  City  and  to  Nebraska  for  domestic  and 
steaming  purposes. 

Samples  of  the  coal  from  the  two  benches  were  collected 
by  taking  chips  from  several  faces  in  the  mine.  The  following 
are  the  results  of  this  analysis  of  these  samples  made  by  Mr. 
J.  D.  Robertson  in  the  Survey  laboratory : 

ANALYSES  OF  LKXIN<;T()N   COAL,   HTKKLK  &   DAVIS  PRAFT. 

(  Top  heiwh.  Analysis  A'o.  i*ls.  Mo.   Ceol.  Survey.) 
(  liottom  hench.  Analysis  Xo.  l^l^.v,  Afo.  deal.  Survey.) 

TOP  IIKNCH.  IIOTTOM   liKXCII. 

Moisture  6.44  per  cent.  4.1)6  per  cent. 

Volatile  hydro-car]K)n  and  sulphur 89.61    "       ••  40.79    *' 

Fixed  carbon 44.79    ••       *•  42.74    •• 

Ash 9.16    "       *•  11.51 


t  t  4  t 


Total 100.00   ••      •*         100.00   •• 


Sulphur  of  combustion  (deleterious) 4.07    '*       ••  4.24 

Sulphur  remaining  In  ash O.is    *'       ••  0.04 

Total  sulphur 4.25    '*       "  4.28 


•  t       t  < 

(4  4  4 

4  (  4  4 


Labokatouy  Xotks.  Both  of  these  conls  arc  to  be  classed  as  bituminous, 
that  of  the  bottom  bench  being  more  so  than  the  upper.  The  latter  appears  as  a 
hard  bright  coal  with  some  shale  Interlamlnated,  but  with  little  pyrlte  or  selenlte: 
the  ash  Is  of  brick  red  color.  The  coal  of  the  lower  bonch  Is  of  duller  lustre,  car- 
ries more  shah%  and  a  considerable  amount  of  visible  pyrlte,  but  little  s<»lenlt<'; 
the  ash  is  of  a  salmon  red  color.  Xeltherof  th(»se  coals  coked  In  the  crucible.  The 
moisture  and  sulphur  i)ercentages  are  hiKh,  the  ash  percentages  moderate. 

The  high  percentage  of  volatile  hydro-carbon  commends 
this  coal  for  use  in  gas  manufacture,  if  the  candle  power  is 
adequate.  The  high  sulphur  percentage  is,  however,  an  obstacle 
to  such  use.  The  fact  that  the  coal  did  not  coke  in  the  crucible 
is  against  its  being  used  for  the  manufacture  of  coke  and  also 
affects  its  value  as  a  gas  coal. 

The  Tubman  mine,  about  two  miles  southeast  of  the  last 
in  the  N.  W.  J  of  the  S.  W.  i  of  section  21,  were  apparently  in 
operation  at  the  time  of  Mr.  Harrison's  examination,  and  he 
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states  in  his  manuscript,  that  the  coal  was  consumed  at  the 
steam  grist  and  saw  mill  at  Dover.  He  gives  the  following 
section  obtained  here : 

Section  XLVI. 

LEXINGTON  COAL   BKl),   TIBMAN'M   MINKH. 

Feet.  Inches. 

1.  Limestone,  blue,  uneven  bedded 2 

2.  ('lay ,  dark  yellow 3 

3.  Coal 6 

4.  (nay,  6/ue 2 

5.  ClSiy ^  black',  bituminoxu 1 

6.  COAL.  ^oo</ 1  7 

7.  Fireclay,  blue 1 

Total  coal 2  ft.  lln. 

Immediately  north  of  this,  in  the  same  section,  is  a  coal 
pit  and  outcrop  on  the  Zeysing  land,  shown  on  the  map.  The 
pit  was  abandoned  at  the  time  of  inspection,  bat  the  limestone 
was  seen  by  Mr.  Marbut,  directly  overlying  the  coal,  with  no 
intervening  shale,  and  the  coal  was  reported  to  him  to  vary 
from  18  to  32  inches  in  thickness.  The  Fox  shaft,  a  little  north 
of  this,  was  also  abandoned,  bat  it  was  credibly  reported  to 
be  about  40  feet  deep  ;  the  coal  is  stated  to  be  from  18  to  26 
inches  thick,  and  to  be  directly  overlain  by  limestone,  with  no 
intervening  shale.  About  two  miles  east  of  this,  in  section  23, 
an  outcrop  of  coal  is  shown  on  the  map,  in  the  bed  of  a  branch. 
It  was  located  by  Mr.  Marbut  and  is  seen  to  be  overlain 
directly  by  3 J  feet  of  limestone. 

The  Van  Anglen  drift,  a  mile  farther  east,  at  the  middle 
of  the  west  line  of  section  24,  was  also  visited  by  Mr.  Marbut. 
The  coal  here  was  about  J 7  inches  thick  and  is  directly  over- 
lain by  about  three  feet  of  limestone. 

Beyond  this  to  the  east,  no  further  occurrences  of  the 
Lexington  coal  bed  are  known. 

Along  the  Chicago  d;  Alton  railway,  and  in  the  country 
immediately  north  of  this  road,  the  Lexington  coal  bed  is 
mined  at  several  points.  The  eastmost  occurrences  of  which 
we  have  notice,  are  at  the  Lewis  drifts,  in  section  18,  of  town- 
ship 59  N.,  24  W.,  which  are  shown  on  the  map.  These  drifts 
were  abandoned  at  the  time  of  inspection,  and  the  thickness 


7^  HIGGINSVILLE  SHBBT. 

of  the  coal  coald  not  be  measnred.  The  limestone  cap  rock 
was,  however,  exposed  to  a  thickness  of  three  or  fonr  feet. 
Other  sections  closely  associated  with  the  coal  bed  here  are 
described  elsewhere  in  this  report. 

The  Price  well  (charn-drill  hole),  is  about  a  mile  and  a  half 
soathwest  of  the  Lewis  drifts,  near  the  south  line  of  section 
24,  in  township  50  N.,  25  W.  Here  coal,  reported  to  be  18 
inches  thick,  was  struck  ai  a  depth  of  30  feet,  which  is  un- 
doubtedly the  Lexington  bed. 

The  Smith  shaft  is  less  than  half  a  mile  west  of  the  Price 
well.  This  was  also  abandoned  at  the  time  of  visit,  but  the 
following  record  was  obtained  from  a  miner  who  had  sunk  the 
shaft: 

SECTION  XLVII. 
LKXINCJTON  COAL  BK1>.   SMITH   SHAFT. 

Feet.  Inches. 

1.  Shale 5 

2.  Clay,  Aarr/ 8 

3.  Limestone 2 

4.  Shale,  black,  fissile 1 

5.  Coal,  soft i  6 

4.  Limestone 3 


Total  coal l  ft.  6.  In. 

The  Carder  Coal  and  GoJce  Go.^8  shaft  is  on  the  western  ed^e 
of  the  town  of  Gorder.  A  record  of  the  shaft  and  deep  drill- 
hole are  given  on  p.  40  of  this  report.  The  shaft  is  about  100 
feet  deep.  The  followio^:  detailed  section  of  the  coal  bed  was 
measured  here  by  Mr.  Oluck : 

SECTION  XLVIII. 
LEXIXiJTON   COAL   HKD,    COKDKH  COAL  &  COKE   CO.    SHAfT. 

Feot.  Inches. 

1.  Llmestont' '20 

2.  ShSLle,  blnckC  top  slate'' )      4 

3.  inhale,  black  {"  black  Htate"  ) 8 

4.  Shale,  black  C^^band  slate" ),  lover  half  generally  tjuUe  soft  and  pyriti- 

ferons,  and  irUh  concretions 4*2 

5 .  Coal  ( '*  top  coal "  ),  irith  selenite  crystals  and  pi/rite 1  4 

fi.    Clay,  parting  >. 

7.    Coal  (  "  bottom  coal  "  ; H ^ 

H.    Fire-clay s 


Total  coal 1  n.  7S  In. 
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"Rolls  "and  "horsebacks"  occur  in  the  bed  here.  The 
coal  is  not  so  clean  as  some  of  the  Higginsville  coals,  and  its 
valae  is,  hence,  somewhat  impared.  It  cokes  in  barning,  but 
a  rough  attempt  at  coking  the  coal  did  not  yield  satisfactory 
results.  The  product  of  the  mines  is  shipped  to  Kansas  Oity 
and  to  neighboring  points,  for  domestic  and  steam  purposes. 

Two  samples  of  coal  were  collected  here  by  Mr.  Leo  Oluck, 
one  from  the  top  bench,  and  the  other  from  the  lower  bench. 
Each  was  made  up  of  a  series  of  chips  taken  from  across  the 
face  in  different  parts  of  the  mine.  The  following  are  the  results 
of  the  analy.'ies  made  by  Mr.  J.  D.  Bobertson  in  the  Survey 
laboratory : 

AXALTSKS   OF  LKXINdTOX   COAL,  t'ORDER  COAL  ft  COKE   CO.'S   SHAFT. 

(  Top  bench.  Anal.  No.   'J'Jfi,  Mo    Geal.  Surrey.) 
(Bottom  bench.  Anal.  No.  'J 20,  Mo.  (ieol.  Survey.) 


Moisture 

TO!" 

5.67 

HENCII. 

per  cent. 

BOTTO 

7.03 
37.44 
45.73 

9.80 

\I   HKXCH. 

per  cent. 

Volatile  hydro-carbon  and  sulphur. .     . 
Fixed  carbon 

37  67 

44.02 

Ash  and  sulphur 

12.64 

Total 

100  00 

100.00 

3.U7 
.10 

Sulphur  of  combustion  (  deleterious )  . . 
Sulphur  m  ash 

5.ai 

25 

Total  sulphur 

5.56 

4.07 

Laboratory  Notk8.  The  coal  from  the  top  bench  has  a  dull  lustre,  contains 
much  pyrltc  but  little  shale  or  selenlte;  the  ash  Is  of  lilac  drab  color.  The  coal  of 
the  lx)tt<>m  bench  has  a  brlj^hter  lustre.  Is  hard  and  brittle,  has  much  selenlte, 
little  pyrlte  but  considerable  melanterlte;  the  ash  Is  of  a  dark  red  color.  Neither 
of  these  coals  coked  In  the  porcelain  crucible. 

The  moisture  in  both  coals  is  to  be  considered  high,  and 
the  ash  and  sulphur  also.  The  coal  ranks  as  a  bituminous  coal, 
but  is  not  so  rich  in  volatile  matter  as  the  preceding  coals  of 
which  the  composition  is  given.  The  percentages  are,  however, 
ample  for  the  coal  to  be  used  for  the  manufacture  of  illuminat- 
ing gas,  if  the  candle  power  is  sufficiently  high  and  were  the  sul- 
phur contents  lower.  The  results  reached  in  the  laboratory  are 
adverse  to  the  coals'  being  coking  coals. 

Immediately  north  of  the  town  of  Oorder,in  the  Grove  well, 
the  Lexington  coal  bed  was  encountered  about  J 8  inches  thick 
at  a  depth  of  60  feet.     The  Fields  and  the  McOarty  shafts  are 
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within  a  mile  of  this  to  the  west.  The  Lexington  coal  bed  was 
operated  in  each,  at  a  depth  of  20  and  28  feet  respectively.  The 
thickness  of  the  coal  is  abont  the  same  as  in  the  Gorder  shaft. 
Jdm€8  Oarter^s  mine  is  described  in  Mr.  Harrison's  notes 
as  being  in  the  S.  W.  i  of  the  N.  W.  \  of  section  22,  township 
50  N.,  25  W.,  and  thas  immediately  north  of  the  McCarty  shaft. 
Here  he  measured  and  describes  the  following  section  : 

Seutiox  XLIX. 

LEXINOTON  COAL  nKI>,  JAH.   CAUTKR  MINE. 

Feet.  Inches. 

1.  Limestone.  Isolated  blocks. 

2.  Slate  hituminoug,  with  small  lenticular  concretions G 

8.  Clay,  yellow 2 

3 .  Slate ,  biiumincniSt  small  lenticular  concretions 9 

4.  Co \l.t  good t  bituminous 1  6 

5.  Clay,  darh,  blu*;  ». 

C.  Coal,  containing  pyrite 2 

7.  Vieiy ,  dark  blue fi 

Total  coal lft.«ln. 

SchoppenJcoetter^s  drift  is  less  than  a  mile  north  of  the  last 
point.  It  has  been  abandoned  for  some  time  and  no  measare- 
ments  conld  be  made.  Harrison,  however,  gives  a  section  at 
an  old  mine  (J.  G.  Webb's)  closely  adjoining,  in  N.  W.  quarter 
of  the  S.  W.  quarter  of  section  15,  as  follows: 

Section  L. 

limkstonk  at  .1.  (j.  wkub'-s  mink. 

Feet.  Inches 

1.  Limestone,  blue,  inclined  to  purplish,  coarse  grained,  cri/stalllne,  homo- 

geneouSy  even  fracture,  compact.     Composed  of  comminuted  remains 
of  Crinoids 1 

2.  Limestone,  blue,  Jin*'  grained,  smooth  fracture,  uneren  bedded,  Fusulinn 

cyi. ,  Athyris  subtilita  and  a  Crinoid 4 

At  Neer's  well,  in  the  southeast  quarter  of  section  5,  coal 
is  reported  to  have  been  struck  at  a  depth  of  30  feet  which  we 
consider  to  be  the  Lexington  bed. 

The  Ritter  shaft,  on  the  east  line  of  section  17,  was  aban- 
doned at  the  time  of  inspection  and  no  measurements  could 
be  made.  The  Grove  drift,  about  a  mile  west  in  section  18,  is 
in  a  similar  condition.  A  limestone  outcrop  about  three  feet 
thick  was  observed  here,  however. 
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At  the  Neale  welly  half  a  mile  soath  of  the  last,  in  section 
19,  the  following  record  was  farDished  by  the  driller : 

Section  LI. 

LEXINCiTOX  <()AL   BED,   NEALE   WELL. 

Feet.  Inches. 

1.  Limestone  (cap  rock) 9 

2.  f^hSL\e,bla4kjigsUe 1-2  (?) 

:J.    COAI 1  fi 

4.  Fireclay. 

5.  Limestone. 

Total  coal 1ft.  6  In. 

Mr.  Neale  reports  that  the  coal  here  is  22  inches  thick 
and  was  encoantered  at  a  depth  of  32  feet ;  a  second  coal  12 
iDches  thick  was  struck  at  a  depth  of  170  feet.  The  drillers 
estimate  the  depth  of  the  last  coal  at  about  150  feet. 

South  of  the  Ohieago  i&  Alton  railway  and  east  of  Higgins- 
ville,  the  Lexington  bed  is  dag  on  a  small  scale  at  a  number  of 
points,  chiefly  for  local  coantry  sale.  The  openings  are  princi- 
pally near  the  heads  of  small  streams  which  drain  southward 
into  Davis  creek. 

The  Boyle  drift  and  well  near  the  middle  of  section  7,  of 
township  49  N.,  24  W.,  is  about  the  eastmost  occurrence  of  the 
Lexington  coal  in  this  district.  The  drift  is  abandoned,  but 
Mr.  Marbut  measured  the  coal  bed  here  and  found  it  to  be  from 
16  to  20  ins.  thick,  to  be  overlain  by  about  two  feet  of  shale 
and  underlain  by  clay.  In  the  well  closely  adjoining,  the  coal 
was  struck  at  a  depth  of  22  feet  and  limestone  and  sandstone  (?) 
are  both  reported  to  have  been  encountered  over  the  shale. 
At  the  Shumaker  well,  half  a  mile  north  of  the  last,  18  to  20 
inches  of  coal,  overlain  by  30  inches  of  shale,  were  encoun- 
tered. 

Summer^s  drift  is  half  a  mile  northwest  of  the  last,  in  the 
southwestern  corner  of  section  1.  The  works  are  all  caved  in 
here  and  no  measurements  could  be  made. 

The  coal  is  credibly  reported  by  a  resident  to  be  between 
22  to  26  inches  thick,  and  to  be  overlain  by  from  2  to  2i  feet 
of  black  fissile  shale,  which  in  turn  is  overlain  by  about  12  feet 
of  limestone.    Between  the  shale  and  the  coal  is  a  iew  inches 
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of  aofc  pyritiferoas  clay  or  shale.  Adjoining  this  are  several 
other  coal  pits,  none  of  which  have,  however,  been  recently 
operated,  and  are  now  filled  in  so  that  no  measarements  conld 
be  made. 

At  the  Water's  well,  a  mile  north  of  the  last,  in  the  sonth- 
western  corner  of  section  21,  township  50  N.,  24  W.,  the  Lex- 
ington coal  bed  was  struck  at  a  depth  of  aboat  40  feet. 

The  Edward^s  shaft  is  a  mile  west  of  the  Water's  well,  in 
the  sonthwestern  corner  of  section  36,  township  50  N.,  25  W. 
Here  the  thickness  of  the  coal  is  reported  to  be  about  2  feet, 
but  it  could  not  be  measured  at  the  time  of  inspection,  as  the 
shaft  was  abandoned.  In  a  well  on  the  same  place,  closely 
adjoining  the  shaft,  the  overlying  limestone  is  reported  to  be 
as  much  as  22  feet  thick.  This  is  an  abnormal  thickness,  but 
it  agrees  well  with  that  reported  in  the  Oorder  shaft  about  two 
miles  northwest. 

The  Bell  drift  is  about  a  mile  west  of  the  Edwards  shaft, 
in  the  northwestern  corner  of  section  2,  township  49  N.,25  W. 
Here  the  following  section  was  recently  measured  by  the  writer  : 

Section  LI  I. 

LKXIN<iTON  COAL  HKl*.  BELL  DRIFT. 

Feet.  Inches. 

1      Limestone  ( partiulli/  e.rposed )  2 

2 .     Shaie ,  black,  fissile - 1  s 

a.     Shale,  soft,  black  H 

4.     COAI 1  K 

Total  coal 1  ft.  8  In. 

The  altitude  of  the  coal  at  this  point  is  820  feet,  while  at 
the  Edwards  shaft,  it  will  be  seen  by  a  study  of  the  map,  the 

coal  is  at  an  altitude  of  about  790  feet,  A.  T.  This  shows  a 
decided  dip  of  the  coal  towards  the  east. 

About  half  a  mile  down  the  stream  which  heads  near  the 
Bell  drift  is  the  Frank  Corder  drift.  Here,  limestone,  6  to  8 
feet  thick,  is  exposed,  underlain  by  18  or  24  inches  of  black 
shale,  between  the  limestone  and  the  coal.  Tbe  nature  of  the 
section  here  leaves  no  doubt  but  that  this  coal  is  of  the  Lex- 
ington bed.  Its  elevation  at  this  point  is  about  780  feet,  A.  T.; 
hence  the  fall  of  the  coal  from  the  Bell  to  the  Oorder  shaft  is 
about  40  feet  in  a  distance  of  not  much  over  half  a  m'.le.    This 
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easterly  dip  does  not  extend  far,  however,  for  aboat  two  miles 
farther  east,  at  the  Boyle  place,  the  coal  is  ag^in  at  an  altitude 
of  about  800  feet.  From  this  we  recognize  the  existence  of  a 
slight  synclina  flexure  here,  the  axis  of  which  runs  southwest- 
wards  through  the  Edwards  shaft.  To  this  flexing  the  dip  of 
the  Mulky  coal  at  Aullville,  already  referred  to,  may  be  attrib- 
uted in  part. 

The  Van  Meter  pit  is  a  small  stripping  along  the  bed  of  a 
branch,  near  the  northwestern  corner  of  section  10,  township 
49  N.,  25  W.  The  following  section  was  recently  rem easured 
here  by  the  writer  : 


Skction  LIII. 
lexix(it()n  coal  uki>,  van  metek  i'lt. 


FKKT.   IN(^1IKS. 


1 .  LI mestone  (partiaUy  ctposed) 2 

•2.     i^hixle,  black jissile 2 

A.    Coal 1  10 

Total  coal 1  ft.  10  ia. 

The  altitude  of  the  coal  here  is  about  780  feet  A.  T.,  or  the 
same  as  at  the  Gorder  drift  last  described.  At  the  Frazier 
drifts,  about  a  mile  southwest  of  the  Van  Meter,  all  is  fallen 
in  and  no  measurements  were  made. 

Petty^s  drifts  are  located  in  the  southwestern  corner  of 
section  33,  township  50  N.,  25  W.  Several  openings  have 
been  made  in  the  coal  here  by  drifts  and  shafts.  The  coal  is 
about  20  inches  thiek  and  is  overlain  by  about  a  foot  of  black 
shale.  The  altitude  of  the  bed  is  about  820  feet  A.  T.,  or  about 
the  same  as  that  of  the  Bell  drift. 

The  Schaffer  drift  is  about  a  mile  and  a  half  east  of  Petty's, 
at  the  middle  of  the  north  line  of  section  5,  township  49  N., 
25  W.     Here  the  following  section  was  measured  by  Mr.  Oluck  : 

skctiox  liv. 

lkxincjton  coat  hkd,  f<liakkkk  ihiift. 

Fkkt.  Inches. 
1      Shale ,  black-,  rtMile 2  1 

2.  ( 'oal !♦)  to  22 

H.    Clay 4-fi 


Total  coal 1»)  to  22  In . 

The  Wagner  drift,  less    than  half  a  mile  south   of  the 
Schaffer,  is  abandoned.     About  five  feet  of  the  cap  rock  is  ex- 
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posed  here,  and  the  anderlying  shale  is  about  2  feet  thick. 
Several  other  drifts  have  been  operated  in  this  immediate  neigh* 
borhood,  bat  they  are  all  abandoned  now. 

The  Froeschley  shaftj  in  section  8,  of  township  49  N.,  25 
W.,  is  aboat  20  feet  deep.  In  it  the  following  section  was 
measured  by  Mr.  Olnck : 

Section  LV. 

lexixoton  (joal  bei>,  froeschley  shaft. 

Fekt.  Inches. 

1.  Limestone  (**Headrock")  tj  G 

2.  Shale.  6/acJt,;?wW«( • 'Top  slate") I 

3.  Shale,  6/acX-,/rf»ite  (••  Black  slate") 11 

4.  Shale,  pyrUiferous 3 

5.  Coal 17  to  25 

«.  Clay 2 

7.    Bottom  rock.  

Total  coal 17  to  25  In. 

The  Graham  drifts  are  about  one  mile  west  of  AuUville, 
near  the  hill  top,  in  section  20,  of  township  49  N.,  25  W.  They 
were  abandoned  at  the  time  of  inspection.  The  following 
measurements  were  made,  however,  by  Mr.  Oluckat  the  mouth 
of  one  of  the  drifts  : 

Section  LVI  . 

lexington  coal  bed,  graham  drift. 

Feet.  Inches  . 

1.  Limestone,  broken  and  wtaiheredy  total  thickness  rep jrted  7  feet^only 

exposed  in  part 2 

2.  Clay   4 

3.  Shale,  bku'k,  fissile  (reported  to  reach  32  Inches ) 1  a 

4.  Coal  (reported  to  be  19  Inches  thick) 17 

5.  Clay.  

Total  coal 1  ft.oln. 

West  of  Higginsville,  along  the  Chicago  and  Alton  railway, 
and  south  of  this  along  Rocky  branch,  the  Lexington  bed  is 
more  extensively  mined  than  in  any  other  portion  of  the  area. 

The  Excelsior  Goal  and  Coke  Company's  shaft  is  about  half 
a  mile  west  of  the  town,  on  the  main  line  of  the  railway.  The 
shaft  is  70  feet  deep.  The  following  section  of  the  bed  was 
measured  by  Mr.  Oluck ;  it  represents  about  an  average  of 
several  other  measurements  made  in  the  same  mine  : 

Section  LVII.    (See  plat  on  Section  Sheet.) 

LEXINGTON  COAL  BED,  EXCELSIOR  COAL  ft  COKE  COMTANT. 

1.  Limestone.  Feet.  Inches. 

2.  Shale.  6/ac*,;iM»Z^<  ("Top  slate") S 

3 .  Shale,  black,  fissile  ( '  *  Black  slate ' ' )  hard,  with  selenite  and  concretions .      1  1 
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4.  Shale,  black,  jissile  (•  •  Hand  slate"),  adheres  to  coal,  pi/ritiferous 3 

5.  COAI •  ••)                        ( ^ 

«.  Shale,  parting  (  not  altrat/a present) —  ^Top  bench  < ',;-% 

7.  COAI )                        (    SS 

8.  Clay  band,  parting  (  regular )  '2 

9.  Coal  (  Bottom  bench  ) 2*i 

10.  Clay 1 


Total  coal ift.  4'4ln. 

The  coal  from  this  mine  is  shipped  by  rail  to  Kansas  Oity 
and  other  points.  It  is  mainly  used  for  domestic  purposes,  bat 
also  for  steaming.  A  rough  test  of  the  coking  properties  of 
the  coal  was  made  at  the  mine,  bat  the  prodact  was  weak  and 
impure  and  was  high  in  sulphur.  The  coal  contains  pyrite  and 
selenite  in  thin  laminae  ;  it  also  clinkers  in  burning  and  slacks 
on  exposure  to  the  weather. 

Two  samples  of  this  coal  were  collected  by  Mr.  Gluck,  made 
up  from  chips  from  the  entire  section  of  the  benches,  at  five 
dififerent  points  in  the  mine.  The  following  are  the  results  of 
the  analyses  of  these  samples,  made  by  Mr.  J.  D.  Bobertson  in 
the  Survey  laboratory  : 

AX  VLYLSK.S   OK   LKXIN<;TOX   COAL,    KX<'ELSrOR  COAL  *  COKK   CO. 

(  Top  bench.  Anal.  No.  J'Jl,  Mo.   (ieol.   Snrveu  ) 
(  Hot  torn  bench.  Anal.  No.   'JJ7,Afo.   (ieol.  Surcey.) 

Tor   MKNCII.  JJOTTOM    BKN(  II. 

Moisture 7. Hf*  per  cent.  5,^2  per  cent. 

Volatile  liydrocarl)on  and  sulphur ;^.«7    •*        **  »s.s:i    •• 

Klxedcarbon 43.r>5    "       •*  45.»>J 

Ash l».in)    "        '*  0.69 


1 1 


4 1 


Total IW.O)    •*        ••  100.00 

Sulphur  of  combustion  (deleterious) 2.(>*2    •*        "  .i.Chi 

i^ulphur  In  ash  o.<w    •*       '•  0.or> 

Total  Sulphur 2  71    **       **  ;i7o    *♦ 

LvHoKATOHY  \oTKs.  The  speclmeDs  of  coal  from  the  top  bench  are  quite 
hard,  with  a  somewhat  dull  lustre;  they  contain  little  shale  or  pyrite,  but  some 
selenite  In  thin  plates;  the  ash  Is  of  a  very  light  brick  red  color.  The  specimens 
from  the  bottom  bencli  have  a  brlj^hler  lustre  and  a  concboldal  fracture;  they 
contain  pyrite,  shale  and  selenite  In  small  (juantitles;  the  ash  Is  of  a  light  brick 
red  color.    Neither  coal  coked  In  the  small  porcelain  crucible. 

These  results  show  this  coal  to  be  high  in  moisture  and 
ash,  but  moderate  in  sulphur  contents  for  coals  of  this  characer 
from  this  region.    The  coal,  like  the  others  already  cited,  is 

G-6 
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distinctly  a  bitaminoas  coal,  with  a  safficiontly  high  percentage 
of  volatile  matter  to  class  it  as  a  gas  coal,  if  the  illaminating 
power  is  sufficient,  and  were  the  salphar  contents  lower.  In 
the  present  instance  the  salphar  percentage  given  is,  however, 
as  low  as  that  of  coals  from  Kansas  which  are  ased  in  Kansas 
City  for  the  manafactare  of  gas.  The  results  reached  in  the 
laboratory  as  well  those  from  the  tests  made  at  the  mine  are 
adverse  to  the  coaPs  being  valuable  for  coking  purposes,  even 
were  the  sulphur  percentage  lower. 

The  Hawkins  and  Smith  shaft  is  about  a  quarter  of  a  mile 
northwest  of  the  Excelsior  shaft.  It  is  80  feet  deep  to  the 
coal.  The  section  of  the  shaft  is  given  under  No.  XXXI  on 
p.  44  of  the  report.    The  coal  is  18  inches  thick. 

The  Winsor  Coal  Company's  shaft  is  half  a  mile  west  of 
the  Hawkins  and  Smith  shaft,  on  the  railway,  in  section  2. 
The  following  section  was  measured  here  by  Mr.  Gluck,  and  is 
a  fair  average  of  five  measurements  made  in  different  parts  of 
the  mine : 

SKOTioN  LVIII.     (See  plat  on  Section  Sheet.) 

I.KXINGTON  COAL   IIK1>,  WINDSOR  COAL  COMPANY. 

1.  Limestone  Feet.  Inches. 

*2.  Shale.  blaH',fts8Ue  (* 'Top  slate")  9 

a.  shale,  6/rtc*-.;f*»i7e,  (•* Black  slate") » 

4.  Shale,  black,  n»»ile  (*  *  Band  slate' ') ,  ptfriti/eroug 4 

5.  Goal  ("Top  bench") 1  i 

H.  Cl&y^  parting  nntf  pf/rite •%-*, 

7  Coal 3S-4 

s  Clay ,  hard,  hUick H-4 

T.  Clay 2                  <; 

Total  coal 1  rt .  5  In . 

Mr.  Oluck  notes  that  both  the  top  and  bottom  benches 
contain  scales  of  selenite.  The  coal  is  reported  not  to  slack 
readily  and  to  cake  and  clinker  in  burning. 

Concretions  occur  in  the  roof  shale,  and  ^'rolls''  in  the 
floor  and  roof  are  frequent.  The  coal  is  shipped  principally 
to  Kansas  City  for  domestic  use,  very  little  being  used  for 
steam  purposes.  A  small  lot  of  the  coal  is  reported  to  have 
been  used  in  the  town  of  Marshall  for  the  production  of  illum- 
inating gas.  Two  samples  of  coal  were  collected  here,  one 
from  each  bench,  consisting  of  chips  cut  from   five  different 
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faces  in  the  mine.    The  following  are  the  results  of  the  analyses 
made  by  Mr.  J.  D.  Robertson  of  the  Survey  laboratory  : 

ANALYSES  OF  LEXINGTON  COAL,   WINHOR  COAL  (JOMPANV  . 

(Top  bench  Anal.  No.  209,  Mo    Cieol.   Survey.) 
{Bottom  bench t  Anal.  No.  2'JOt  Mo.   Geol.  Survey.) 

TOP  BBNCII.  BOTTOM   BENCH. 

Moisture  7.52  per  cent.  8.%  per  cent. 

Volatile  hydrocarbon  ami  sulphur 38.43    ••       •*  34. 3«    •* 

Flxedcarbon  43  27    ••       **  41.93    •' 

Ash  10.78    '*        *•  14.74     •* 

Total  100.00    *•        *•  10(».00    •* 

Sulphur  of  combustion  (deleterious) 3.01    **       **  4.70    •• 

sulphur  in  ash 32    ♦•       •*  .38 


i «        « « 


Total  sulphur  3.33    ••       **  5.08    *' 

Laboratouy  N'otks.  The  specimens  of  coal  of  the  top  bench  have  a  bright 
bituminous  lustre  on  fresh  fracture,  they  contain  some  shale  and  a  good  deal  of 
selenlte  and  c ilclte.  little  pyrlte.  but  much  melanterlte.  The  ash  is  of  a  medium, 
chocolate  brown  color.  No  coke  was  formed  in  the  small  porcelain  crucible. 
The  coal  of  the  bottom  bench  has  a  duller  lustre  than  that  of  the  upper,  but  is 
otherwise  similar. 

These  analyses  show  the  coals  to  be  high  in  moisture  and 
ash.  The  coal  is  decidedly  a  bituminous  one.  The  remarks 
made  concerning  the  coal  of  the  Excelsior  shaft,  on  p.  81,  with 
reference  to  the  coking  qualities  of  the  coal  and  its  use  for  gas 
manufacture,  will  apply  here. 

Along  Rocky  branch,  immediately  south  of  the  last  de- 
scribed shaft,  are  a  number  of  shallow  shafts  and  drifts,  from 
which  a  large  amount  of  coal  has  been  mined  and  shipped. 
These  are  shown  on  the  map.  The  following  description  of 
two  of  these  will  convey  a  fair  idea  of  the  character  of  the 
coal  in  all. 

The  Stealey  and  Fowler  shaft  N'o.  1  is  in  the  S.  W.  i  of 
the  N.  E.  i  of  section  11,  township  49  N.,  26  W.  The  shaft  is 
only  14  feet  deep.  The  following  section  was  measured  here 
by  Mr.  Gluck  and  is  a  fair  average  of  five  measurements  at 
different  portions  of  the  face : 

Section  LIX.    (S«^e  plat  on  Section  Sheet.) 

LK.XINCTON  COAL   HED,    STKALKT   A   FOWLKR  SH4KT    NO.    1. 

1.  Limestone.  Feet.  Inches. 

2.  Shale,  black,  jiggile  ("Top  slate'') r.  to  s 

3.  Shale,  black- H/otile  ("  Wack  slate"),  with  ronrrctions 1 

4 .  Shale,  black  riasile,  f"  Hand  slate"),  pifriti/erous 2S  to  3 

T).  coal  ("Top  bench"; lO^i 

<i  Clay  i)and,  so/t  '2 

7.  Goal  (•' lioltom  bencir') 4 

*<.  CAay.dark 3 

t<  Limestone.  ' 

Total  coal 1  ft.  2^  In. 
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Very  little  pyrite  was  notioed  in  the  coal,  but  films  of 
calcite  or  selenite  are  abandant  in  both  benches.  The  coal  has 
generally  a  very  clean  appearance.  It  is  shipped  chiefly  to 
Kansas  Oity  for  domestic  nses  and  is  reported  to  command  a 
superior  price  to  the  others  from  the  county.  The  operators 
also  claim  it  to  be  suitable  for  gas  production,  it  having  been 
used  in  the  town  of  Marshall  for  this  purpose. 

A  sample  of  coal  was  collected  by  Mr.  Gluck  from  each 
bench  in  this  mine,  by  chipping  fragments  across  the  face  at 
five  different  points  in  the  workings.  The  following  are  the 
results  of  the  analyses  made  by  Mr.  J.  D.  Bobertson : 


ANALYSES   OP  LEXINGTON  COAL,   STEALEY  «t   FOWLER  SHAFT  NO.    1. 

(Top  bench.  Anal.  A^o.  22fi,  Mo.  Geol.  Surrey.) 
(Bottom  bench.  Anal.  No.  224,  Mo.  Oeol.  Surrep.) 

TOP  BENCH.  BOTTOM  BENCH . 

Moisture fi  23  per  cent.  5  30  per  cent . 

Volatile  hydrocarbon  and  sulphur 31)53    ••       •*  39.48 

Flxedcarbon 43.16    •*       **  44.96 

Ash : 11.08    ••        ••  10.26 


Total 100.00    ** 

Sulphur  of  combustion  (deleterious) 3.64    " 

Sulphur  In  ash 0.26    •' 


Total  sulphur 3.90 


«   •  (4 

(   (  (  < 

•  <  it 


100.00 


i  (  t  I 


4.62     *• 
0.08    *• 


4.  TO 


Laboratouy  Notes.  The  specimens  from  both  benches  have  a  bright  bitu- 
minous lustre,  contain  much  selenite  and  considerable  pyrite  along  the  joint 
planes.  Much  bitumen  was  observable.  The  ash  from  the  top  bench  is  of  a  red- 
dish salmon  color;  that  of  lower  bench  of  a  brick  red  color.  Neither  coal  coked 
m  the  porcelain  crucible. 

The  coal  is  to  be  classed  as  a  bituminous  coal  like  the 
others.  The  ash  and  moisture  percentages  are  high,  the  sulphur 
moderate.  The  results  reached  in  the  crucible  tests  are  ad- 
verse to  the  coking  of  the  coal.  The  amount  of  sulphur  pre- 
sent in  the  top  bench,  as  was  observed  on  p.  81,  when  speaking 
of  the  Excelsior  Company's  coal,  is  not  greater  than  that  in 
the  other  coals  which  are  used  in  the  State  for  the  production 
of  illuminating  gas.  If  the  candle  power  of  the  volatile  hydro- 
carbons is  sufficiently  high  the  coal  may,  therefore,  find  a  use 
in  this  direction. 

The  Belt  drift  No.  i,  is  about  a  quarter  of  a  mile  southwest 
of  the  Stealey  and  Fowler  shaft,  on  Rocky  branch.  The  follow- 
ing section  was  measured  here  by  Mr.  Gluck  : 
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Section  LX.    (  See  plat  on  Section  Sheet.) 

lkxix<;tox  coal  ukd.  belt  drift  k<>.  1. 

1.  Limestone.  Feet.  Inches. 

*i.  Shale,  black,  flitile  ( "  Top  tlate  "  ; 8 

3.  .Shale,  black,  jinrile  (  "  Black  alatt "  ;,  trith  concretions  and  iryrite 1 

4.  Shale,  black,  JUbHc  ( '•  Band  alatt "  ;,  pi/nti/erons 2 

5.  Coal  ( "  Top  bench  ") 1 

6.  Clay,  parting »4 

7.  Coal  ( ••  Bottom  bench  "  ) 4 

8.  Clay,  dark  (  "  mining  "J 2  to  H 

9.  Clay 3-4 


Totalcoal 1ft.  4ln. 

This  coal  has  not  so  clean  an  appearance  as  that  at  the 
Stealey  and  Fowler  shaft.  It  is  mostly  nsed  for  domestic  par- 
poses,  being  shipped  to  Kansas  City,  where  it  commands  the 
same  price  as  the  coal  last  described.  It  cakes  and  clinkers 
in  burning,  and  acts  generally  like  the  other  coals  mined  about 
Higginsville. 

A  sample  was  collected  by  Mr.  Glnck  from  each  of  the 
benches  here,  chips  being  taken  across  the  face  of  five  differ- 
ent faces.  The  results  of  analysis  of  these  samples  made  in 
the  laboratory  of  the  Survey  are  as  follows : 

ANALTSKS   OF   LEXINGTON   <'OAL,    HKLT    DKIFT  NO.    1. 

(Top  Bench,  Anal.  No.  'J  11,  Mo.  Ceot.  Survcf/.) 
( liottem  bench.  Anal.  Xo.  'J.'il .  Mo.  deol.  Survei/.) 

TOI'HKNCH.  nOTTOM  BENCH. 

Moisture 5.S4  percent.  7  19    percent. 

Volatile  hydro-carbon  and  sulphur 4(>.%  •  •  36.32 

FIxedcarbon 42x6  *•  43.10 

Ash lo.J»2  ••  13.33 


t  < 
« < 
<  t 


Total 100.00  ••  100.00 

sulphur  of  combustion  (deleterious) 3.17  "  3.0^ 

Sulphur  In  ash 51  **  .55 


TotalSulphur  a.fift  "  3.ta 

L.vnoKATOKY  NOTES.  Mucli  of  the  coal  represented  by  the  specimens  of  the 
upper  bench  Is  very  bituminous;  the  remainder  Is  ot  dull  lustre.  It  crushes 
easily,  contains  nmch  selenlte,  but  little  pyrlte.  The  coal  of  the  lower  bench  Is 
moderately  bright,  with  streaks  of  bituminous  matter;  contains  considerable 
sliale,  selenltt*  and  calclte,  but  little  pyrlte.  Neither  coal  coked  In  the  porcelain 
crucible. 

This  coal  is  also  distinctly  to  be  classed  as  a  bituminous 
coal.  The  moisture  percentage  is  to  be  considered  high,  and 
that  of  the  ash  also.    The  amount  of  sulphur  present  is  moder- 


86  HIGOINSYILLB  SHBBT. 

ate  for  coals  of  this  class  and  region.  Concerning  the  adapt- 
abilities of  the  coal  for  coking  and  gas  production,  the  remarks 
just  made  concerning  the  Stealey  and  Fowler  shaft  will  apply 
here  also. 

In  addition  to  the  mines  last  described,  and  closely  adjoin- 
ing them,  there  are  in  the  Bocky  Branch  district  a  number  of 
other  drifts  and  shallow  shafts  in  operation.  The  coal  is  in  all 
respects  similar  in  section  and  character  to  that  last  described. 
These  are  the  mines  of  the  Bolen  Goal  Co.,  the  Bruce  and 
Knoble  Goal  Go.,  the  Gunn  Goal  Go.  and  the  Hagood  Goal  Go. 
About  two  miles  southwest  of  Higginsville,at  the  shaft  named 
Minershagan  on  the  map,  the  Jackson  and  Taggart  Goal  Go. 
has  recently  resumed  operations  in  the  Lexington  bed.  This 
shaft  was  abandoned  at  the  time  of  operation  and  no  measure- 
ments of  the  coal  could  be  made. 

THB  CONDITIONS  OF  MINING. 

Most  of  the  coal  mining  in  the  area  has  been  done  in  the 
Lexington  bed  by  the  longwall  method,  and  fully  seventy-five 
per  cent,  if  not  more,  of  the  coal  in  the  ground  is  mined  and 
shipped.  The  nature  and  the  dimensions  of  the  coal  bed  and 
associated  strata  permit  of  the  use  of  this  method  of  mining 
to  great  advantage.  A  description  of  the  details  of  such  min- 
ing as  practiced  here  and  in  other  parts  of  the  State  has  already 
been  published  by  the  Survey,  and  will  not  be  repeated  here.* 

The  Mulky  bed  is  of  a  similar  section,  and  the  same  method 
of  mining  is  applicable  in  it. 

The  Waverly  coal  bed  is  thicker  than  either  of  the  others, 
and  the  character  of  the  roof  and  tloor  are  different.  The  pillar 
and  room  method  will  probably  prove  best  for  mining  this  bed, 
and,  in  this  case,  probably  not  more  than  50  per  cent,  of  the 
coal  in  the  ground  can  be  mined  and  shipped.  It  is  quite  pos- 
sible, however,  that  the  roof  may  be  of  such  a  character  over 
portions  of  this  bed  that  the  longwall  method  can  be  intro- 
duced. In  this  case  a  much  larger  percentage  of  the  coal  in 
the  ground  will  become  available. 


*  Prellmary  Kei)ort  on  Coal,  is9i.  Appendix  A,  pi».  i7a-ls»>. 
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TAB   AY4ILA.BLB   GOAL  TONNAGE. 

The  qaestioD  of  tbe  amoaat  of  available  coal  within  this 
area  is  one  of  great  ecoDomic  ioaportaiice.  The  conditions  re- 
stricting the  distribution  and  availability  of  coal  beds  have 
already  been  described  in  a  published  report  of  the  Survey,* 
and  will  not  be  further  discussed  here. 

In  brief,  the  two  fundamental  factors  necessary  for  the 
calculation  are,  first  the  area  underlain  by  each  coal  bed.  and, 
second,  the  thickuess  of  the  bed.  We  will  now  briefly  con- 
sider these  questions  ^iLh  reference  to  each  of  the  coal  beds 
already  described. 

Tlie  Waverly  coal  bed,  it  was  seen,  is  found  well  below 
drainage  level  and  lies  iu  a  nearly  horizontal  position ;  hence, 
if  continuous,  it  would  underlie  the  entire  area  of  the  sheet, 
which  equals  240  square  miles.  The  thickness  of  the  bed  at 
Waverly,  in  round  numbers,  is  3  feet.  Under  the  conditions 
there  presented  it  is  probable  that  not  more  than  half  of  the 
coal  can  ordinarily  be  mined  and  shipped,  though  with  careful 
management  a  greater  yield  might  be  reached  in  places.  Ap- 
plying this  as  an  average  yield,  however,  with  a  three-foot  bed 
over  the  whole  area  of  240  sq.  miles,  we  get  as  the  total  avail- 
able tonnage  about  3S0  million  tons.  It  is,  however,  not  allow- 
able to  assume  that  this  bed  extends  under  the  whole  area  in 
an  available  condition.  It  is  probable  that  under  a  portion  of 
area  of  the  Warrensburg  sandstone  it  is  absent,  and  it  is  further 
probable  that  it  becomes  so  attenuated  or  of  such  inferior 
quality  under  other  areas  as  to  be  unworkable.  The  records 
of  deep  drill  holes  which  have  been  cited  suggest,  however^ 
the  presence  of  the  bed  at  several  points  in  our  area  away  from 
Higginsville.  We,  therefore,  think  it  justifiable  to  allow,  as 
underlain  by  the  Waverly  coal  bed  in  an  available  condition,, 
one-fourth  of  the  total  area  represented  on  the  map,  or  in  round 
numbers,  95  millions  of  tons. 


•  I'rellinlnar/  Report  on  Coal.  l^yi.  pp.  3;^  to  41. 
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The  Edwards  coal  bed^  as  already  stated,  is  recofi^nized  at 
only  one  point,  t.  «.,  at  Bdwards  Station,  and  'tre  are  not  in  a 
position  to  make  an  estimate  of  its  probable  extent.  Drill  hole- 
records  in  other  portions  of  the  area  do  not  indicate  its  exist 
ence  there,  thoagh  its  stratigraphic  and  hysometric  position 
would  allow  of  its  being  co-extensive  with  the  area  of  the 
sheet. 

I%e  Mulky  coal  bed  is  better  developed  immediately  soath 
of  the  area  of  the  Higginsville  sheet  than  within  its  borders. 
On  the  sheet  it  is  best  recognized  in  the  soathern  portion  over 
the  country  adjacent  to  Davis  creek.  Here,asis  clearly  shown 
on  the  map,  it  occupies  a  position  above  drainage  level,  and 
hence  does  not  underlie  the  whole  tributary  area.  It  is  hy- 
pothetically  recognized  also  on  Salt  creek,  and  south  of  Dover 
on  a  tributary  of  Tabo  creek,  in  both  localities  above  drainage 
level.  Over  the  area  of  the  Warrensburg  sandstone  the  Mulky 
coal  bed  has  been  removed.  These  conditions  reduce  the  pos- 
sible area  of  the  bed  within  the  sheet  to  about  130  square 
miles.  Records  of  such  drill  holes  as  that  in  the  Oorder  shaft 
indicate  that  the  Mulky  bed  is  not  persistent  here,  and  the 
failure  to  find  it  of  workable  thickness  along  the  river  bluff 
strengthens  this  conclusion.  We  are  inclined  to  think  that  it 
is  not  an  available  bed  over  much  of  the  area  of  the  sheet,  but 
we  consider  40  square  miles  a  fair  allowance  for  the  territory 
in  which  it  may  exist  in  a  workable  condition.  The  thickness 
of  this  bed,  as  worked,  is  generally  about  75  per  cent,  as  the 
average  amount  which  can  be  mined  and  shipped  from  this  thin 
bed,  we  have  a  tonnage  of  40  million. 

The  Lexington  coal  bed  has  been  most  widely  operated, 
and  its  area  is  best  defined.  Its  limits  are  clearly  shown  on  the 
accompanying  map  and  sheet  of  sections.  As  will  be  there 
seen,  it  occupies  generally  a  position  near  the  hill-tops,  well 
above  the  drainage  level ;  hence  it  is  absent  in  the  larger  val- 
leys. This  fact  naturally  diminishes  its  area,  but,  in  addition, 
the  Lexington  bed  has  been  entirely  removed  over  the  area  of 
the  Warrensburg  sandstone,  and  it  is  further  not  recognized  to 
be  present  for  over  a  mile  east  of  the  range  line  between  town- 
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ships  24  W.  and  25  W.  This  last  fact  is  indicated  on  the  map 
by  the  abrnpt  termination  of  the  horizon  line  near  that  posi- 
tion. Allowing  for  all  of  these  modifying  intiaences,  the  total 
area  of  the  Lexington  coal  bed  within  the  sheet  limits  is  calcu- 
lated to  be  52  sqaare  miles. 

Within  nearly  the  whole  area,  thus  restricted,  it  is  probable 
that  the  coal  bed  is  in  a  workable  condition,  and  it  is  with  little 
doubt  a  liberal  concession  to  reduce  the  area  to  75  per  cent,  of 
the  whole,  or  about  40  square  miles.  An  average  thickness  of 
this  bed  here  is  about  18  inches.  An  allowance  of  75  per  cent, 
can  be  made  for  the  proportion  mined  and  shipped.  Hence 
the  total  amount  of  probably  available  coal  is,  in  round  num- 
bers, 50  million  tons. 

Summarizing  these  results  relating  to  the  three  principal 
coal  beds  of  the  area,  we  obtain  the  following  table: 

TOTAL   I'OSHIBLK       ASSCMEI  RKSl'LTAXT 

ARKAS.  rAKKAH.       TONNAIJKS  FROM 

*v/.  milefi.  Sq.  miles.  ahsi'MKD   areah. 

Short   ton . 

Lexington  Coal  Bed 52  40  50,000,000 

Mulky  Coal  Bed IHO  40  40,000.000 

Waverly  Coal  Bed 210  fio  95,000,00«) 

Total  tons 185,000,000 

The  Tonnage  Mined  to  Date. 

Very  nearly  all  the  coal  mined  within  the  area  to  date  has 
been  from  the  Lexington  coal  bed.  From  the  maps  of  the 
mines  within  this  area  we  obtain  the  following  figures  of  the 
area  exhausted  in  and  up  to  about  the  year  1870: 

ACRES 

Corder  Coal  Co's  Shaft 100 

WInsor  Coal  Co.  (west  of  ni>fi|?lnsvllle) eni 

Kxcelslor  Coal  *  Coko  (^o  .% 

Boion  Coal  Co 15 

Dover  ( 'oal  Co s 

Stealey  Mines 7 

Wlnsor  No.  1  (east  of  Ill^^f^lnsvllle) r. 

Uajrood  Mines    4 

Bonan/a  ( 'oal  Co  h 

Kstlmated  for  about  20  small  country  pits 20 


Total  resultant 2r>5 

Taking  18  inches  as  the  average  thickness  of  the  bed,  and 
75  per  cent  as  the  amount  shipped,  we  have  about  520,000  tons 
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as  the  total  amount  of  coal  prodaced  within  this  area.  A  com- 
parison of  this  amount  with  the  figures  given  in  the  table  on 
the  preceding  page  shows  it  to  be  an  almost  insignificant  frac- 
tion of  the  total  amount  estimated  to  be  available. 

THE   OHA.aAOTBa  AND  ADAPIABILITIES   OF  THE   GOALS. 

The  character  of  the  various  coals  has  already  been  given 
in  the  descriptions  of  the  different  mines,  so  far  as  can  be  de- 
termined from  chemical  analysis,  hand  inspection  and  general 
observation  and  inquiry.  The  limitations  of  such  methods  of 
investigation  have  already  been  suggested.  We  are  unable  to 
state  at  present  just  how  high  any  one  of  these  coals  rank  as 
a  steam  producer,  but  we  hope  to  be  able  to  determine  this 
Utter  by  actual  experimental  test.  We  know  that  the  coal  of 
the  Lexington  bed  is  highly  esteemed  as  a  domestic  coal, 
especially  some  of  that  mined  in  the  vicinity  of  Higginsville. 
The  hardness  and  cleanliness  of  this  coal  recommend  it  clearly 
for  such  use.  The  possibilities  of  any  one  of  these  coals  in 
the  direction  of  the  manufacture  of  coke  can  only  be  sug- 
gested from  the  examination  thus  far  made.  Laboratory  tests 
and  hand  inspections  are  not  sufficient  to  determine  the  ques- 
tion conclusively ;  experimental  examinations  are  necessary  for 
this  end. 

The  suitability  of  a  coal  for  the  production  of  illuminating 
gas  can  be  determined  by  an  ultimate  analysis,  but  not  by 
proximate  analyses  such  as  are  given  in  this  report.  An  ulti- 
mate analysis  of  a  coal  is  a  comparatively  costly  and  elaborate 
work,  and  is  best  preceded  by  the  simple  proximate  analysis 
which  yields  certain  indications  to  guide  one  in  determining 
upon  the  advisability  of  proceeding  farther  with  the  work.  It 
is  a  fact  that  no  longer  needs  demonstration,  that  the  coals  of 
Lafayette  county,  as  well  as  many  other  coals  in  the  State, 
have  a  sufficiently  large  pecentage  of  volatile  hydro  carbons 
to  enable  them  to  be  used  for  the  production  of  illuminating 
gas.  The  questions  as  to  whether  the  volatile  constituents 
have  an  adequate  illuminating  power,  and  whether  the  percent- 
ages of  deleterious  conatituents  are  not  too  high,  remain,  to  a 
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great  extent,  open.  That  we  have  any  coals  equal  to  the 
famoQS  Westmoreland  coal  of  Pennsylvania  for  f^s  making,  is 
beyond  probability.  Owing  to  the  high  cost  of  such  gas  coals 
in  this  region,  mach  inferior  local  coal  can,  however,  compete 
with  them.  Thus,  coals  with  a  comparatively  large  amoant  of 
ash.  and  with  as  much  as  from  three  to  four  per  cent  of  sul- 
phur are  used  at  gas  works  in  the  State,  and  coals  of  this 
grade  are  perfectly  adaptable  if  the  iiluminatiog  power  is  suffi- 
cient. 

The  experimental  determination  of  the  adaptabilities  of 
the  coals  of  the  State  is  reserved  until  the  work  can  be  applied 
to  coals  from  all  the  different  districts,  so  that  the  subject  may 
receive  full  treatment,  and  so  that  comparative  results  can  be 
expressed.* 

BUILDING  STONES. 

The  buildiog  stones  of  the  Higgiasville  sheet  are  of  quite 
subordinate  importance.  The  Warrensburg  sandstone  furnishes 
near  the  town  of  Warrensburg,  in  Johnson  county,  excellent 
material  for  building  purposes,  but  the  stone  of  this  formation 
as  occurring  within  our  area,  is  of  too  soft  and  friable  a  nature 
to  be  generally  of  value  in  this  connection.  At  a  few  points 
it  has  been  quarried  for  local  uses.  Such  a  one  is  the  railroad 
quarry  described  below.  Limestooes  obtained  from  the  beds 
of  this  rock  occurring  immediately  above  and  below  the  Lex* 
iogton  coal,  are  used  locally  in  the  country  for  foundations 
and  other  similar  purposes. 

The  two  following  sandstone  quarries  are  the  principal  ones 
within  our  area  :  f 

D.  JJ.  Davis  quarry :  Mr.  Davis  has  a  sandstone  quarry 
situated  in  township  61  N.,  24  W.,  section  18,  east  half  of  the 
northwest  quarter. 

The  quarry  has  a  face  about  145  feet  long,  and  exposes 
vertically,  about  12  feet  of  sandstone.    The  bed  is  cut  by  ver- 


•Kor  furtluT  remarks  <ni  the  adaptabilities  of  Mlssoini's  coals,  the  reader 
Is  refernMi  to  the  recently  Issued  Prellmlnaiy  Report  on  Coal,  ly.U.  p.  4ri -IT. 

»  The  tlescrlptlon  of  these  «juarrles  are  extracted  from  an  aitlcle  by  Mr.  (;. 
K.  Ladd;  prepared  from  notes  collecle<l  by  Mr.  I.eoGluck.on  pp  77  and  7'<  of 
IJulletln  No.  5,  Mo.  (ieol.  survey,  i^Mi. 
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tioal  joint  planes,  which  are  about  five  feet  apart.  Its  maxi- 
mum thickness  is  12  feet,  but  it  is  usually  parted  by  a  bed- 
ding^ plane  so  that  the  largest  block  ordinarily  obtainable  is 
about  five  feet  thick.  Blocks  of  stone  five  by  five  by  four  and 
a  half  feet  in  size  are  readily  obtainable,  and  one  of  these 
dimensions  may  be  increased  sometimes  to  10  feet.  The  sand- 
stone when  dry  has  a  yellow  color.  When  freshly  quarried  it 
is  brownish,  very  soft  and  easily  worked.  There  are  numerous 
ferruginous  streaks  running  through  the  bed. 

About  4500  cubic  yards  of  stone  have  been  removed  from 
the  quarry.  Of  this  amount  about  1000  yards  went  to  waste. 
One-half  of  the  remainder  was  used  locally  and  the  other  half 
was  shipped  away  by  rail.  The  following  is  the  section  made 
at  the  quarry  in  descending  series : 

Feet.  Inches. 

Slope  of  Stripping l  3 

Limestone,  blue l  a 

Sandstone ih 

Shale,  dark  colored,  sandy  20-f 

Bailroad  Sandstone  Quarry:  This  quarry  is  situated  just 
below  the  mouth  of  Mulky  creek,  on  the  J.  0.  &  B.  branch  of 
the  Missouri  Pacific  railway,  township  51  N.,  range  26  W.,  sec- 
tion 23,  middle  of  the  northwest  quarter  of  the  southeast 
quarter.  The  quarry  is  1200  feet  long,  but  the  available 
face  is  only  750  feet  long.  The  stone  is  irregularly  stained 
with  iron ;  is  soft  and  easily  crumbled.  The  sandstone  is 
about  20  feet  thick,  but  only  the  lower  10  feet  is  workable. 
The  lower  part  is  divided  into  three  layers  of  equal  thickness, 
which  are  strongly  cross-bedded  in  places. 

The  following  is  the  section  obtained  here,  in  descending 
series : 

Foot . 

1.  Soil  and  clay w 

2.  Shale 10 

a.    Shaly  sandstone  Ki 

4.    Sandstone,  the  workable  part lo 

About  half  a  mile  down  the  railway  from  the  Davis  quarry, 
at  the  locality  of  section  No.  V,  of  p.  26,  the  sandstone  bed 
shown  in  that  section  has  been  quarried  by  the  railway  com- 
pany for  bridge  piers.     It  is  of  a  light  gray  color  and  micace- 
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oas.  It  appears  to  be  harder  tban  the  stoue  of  the  Davis 
quarry.  The  bed  is  aboat  tive  feet  thick  and  can  be  quarried 
in  blocks  of  3  or  4  feet  thick  up. 

South  of  the  Chicao^o  and  Alton  railway  there  are  several 
small  quarries  in  Lower  Goal  Measure  sandstone.  Such  a  one 
is  at  the  outcrop  noted  on  the  map  near  the  west  line  of  section 
7,  township  49  N.,  24  W.  Here  is  an  outcrop  of  rock  about  5 
feet  of  soft  micaceous  and  ferruginous,  buff  colored  sandstone  ; 
it  occurs  in  layers  from  6  to  18  inches  thick.  Other  quarries 
occur  in  this  vicinity  which  have  been  worked  for  local  uses, 
and  also  for  bridge  pier  stone  along  the  Chicago  and  Alton 
railway.  The  sandstone  in  the  N.  E.  },  of  section  23,  of  town- 
ship 49  N.,  25  W.,  and  that  at  the  north  line  of  section  16,  in 
the  same  township,  has  been  similarly  worked  for  local  uses. 
All  of  this  stone  is,  however,  of  inferior  grade,  and  it  is  not  to 
be  expected  that  it  will  lead  to  the  development  of  an  industry 
of  any  considerable  magnitude. 

CLAYS  AND  SHALES. 

The  clays  of  the  Higginsville  sheet  consist  of  the  super- 
ficial Quaternary  clays  of  the  loess  and  of  the  bedded  clays 
interstratified  with  the  rocks  of  the  Goal  Measures.  The  shales 
are  also  stratified  beds  of  the  latter  formation.  The  loess  is 
very  abundant,  as  will  be  seen  by  reference  to  the  preceding 
section  on  that  formation.  It  is  suitable  for  the  manufac- 
ture of  building  brick  and  drain  tiles  of  excellent  quality. 
It  is  at  present  ouly  used  for  supplying  local  demands.  The 
following  is  a  description  of  the  principal  brick  yards  within 
the  areas  prepared  from  notes  collected  by  Mr.  Gluck.* 

Bird  and  Company — This  firm  manufactures  common  build- 
iug  bricks  at  Higginsville.  They  make  by  hand  only,  using  soil 
and  subsoil  to  a  depth  of  about  two  feet  for  clay.  Two  up-draft 
case  kiln  are  used.    The  product  is  a  rather  soft  porous  brick. 

Krumsich,  H. — Mr.  Krumsick  has  a  brick  yard  and  tile 
works  one-fourth  of  a  mile  west  of  Corder.  Work  was  begun 
here  in  1886.    The  brick  and  drain  tile  are  produced.    The 


*  Kxtracted  from  Hull.  5,  y[o.  <;ool.  survej-,  pp.  TO  and  77. 
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plant  consists  of  one  PhoBdix  horse  power  brick  and  tile  ma- 
chine, two  circalar  ap-draft  kilns,  sheds,  etc.  In  1890,  aboat 
five  hnndred  thousand  bricks,  and  two  hundred  and  twenty- 
five  thousand  feet  of  drain  tile  were  produced. 

ITeaman,  Oottlitb — Mr.  Neaman  manufactures  common 
building  bricks  and  drain  tiles  in  Alma.  The  works  were  estab- 
lished in  1889.  The  plant  consists  of  a  Penfield  brick  and  tile 
machine,  one  up- draft  case  kiln  and  drying  sheds.  The  clay 
used  is  soil  and  subsoil.  In  1890  one  hundred  and  fifty  thous- 
and bricks  and  one  hundred  thousand  tiles  were  produced. 

ShafernoUe — Mr.  Shafernolte  has  a  brick  yard  at  Higgius- 
ville,  where  he  produces  common  building  brick.  The  bricks 
are  made  by  a  Penfield  stiff-mud  machine.  Two  up  draft  case 
kilns  are  used.    The  clay  worked  is  soil  and  shale. 

The  Goal  Measure  clays  generally  immediately  underlie 
various  coal  beds,  and  partial  descriptions  of  them  are  con- 
tained in  the  various  sections  which  have  been  described  in 
the  preceding  pages.  Many  of  these  clays  are  erroneously 
termed  "  fire  clays,"  whereas  they  are  in  fact,  very  far  from 
being  such.  Samples  of  such  clays  have  been  collected  from 
beneath  the  coal  at  the  Winsor  &  Oo.'s  shaft,  east  of  Higgins- 
ville,  and  at  the  Dover  Goal  Gompany's  drift  north  of  Dover. 
Both  of  these  proved  to  be  highly  calcareous,  and  therefore 
they  would  be  entirely  unsuitable  for  the  manufacture  of  re- 
fractory materials.  Some  of  the^c  clays  may  prove  to  be  of 
the  proper  composition,  and  others  may  be  valuable,  when 
mixed  with  other  materials,  for  the  production  of  drain-tile  and 
sewer  pipes.  Such  determinations  have,  however,  not  been 
made  by  the  Survey  as  yet. 

The  shale  which  has  claimed  most  attention  so  far  is  ihe 
bed  immediately  below  the  limestone  which  underlies  the  Lex- 
ington coal  bed  at  Higginsville.  This  is  of  a  drab  color  with 
darker  streaks,  is  hard,  breaking  with  difficulty  with  a  pick. 
Beneath  the  coal,  in  the  Bxcelsior  company's  shaft,  it  is  12  feet 
or  more  thick.  It  contains  here  small  crystals  of  pyrite  dis- 
seminated through  it  and  these  cause  it  to  be  quite  fusible. 
Very  hard,  vitrified  brick  have  been  made  from  this  shale,  but 
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they  were  also  very  brittle,  due  to  the  ready  fusion.  For  this 
reason  this  shale  used  alone,  does  not  commend  itself  for  use 
in  the  manufacture  of  paving  brick.  It  is  not  calcareous,  at 
least  not  sufficiently  so  to  effervesce  when  treated  with  acid. 

Along  Rocky  branch,  about  a  mile  west  of  the  last,  is 
another  bed  of  shale  which  has  suggested  itself  for  use.  It  is 
5  feet  or  more  thick,  and  probably  underlies  the  bed  above  de- 
scribed.  This  is  also  of  a  drab  color,  but  contains  no  notice- 
able quantity  of  pyrite  It  is,  however,  highly  calcareous, 
which  renders  it  unfit  for  general  use. 

That  some  of  the  shales,  exposed  at  various  points  within 
the  area  of  the  sheet,  are  suitable  for  the  manufacture  of  paving 
brick  is  to  be  expected.  In  fact,  any  such  shales  as  are  not 
pyritiferous  or  highly  calcareous,  or  too  highly  argillaceous  can 
be  converted  to  such  ose.  The  work  of  the  Geological  Survey 
in  the  clays  of  the  State,  now  in  progress  will  direct  attention 
to  the  most  favorable  localities  for  such  developments. 

KXPLANATION  OF  MAP. 

The  lef^enrl  of  gt^olojrlcal  colorlns^  and  a  list  of  the  conventional  marks  are 
given  on  the  marjjln  of  the  map,  and  need  no  further  explanation.  The  heavy 
black  lines  running  vertically  and  horizontally  across  the  sheet,  at  Intervals 
of  about  »*,  Inches,  are  range  and  township  lines.  Inclosing  the  cadastral  township 
of  ;<f)  square  miles.  The  township  and  range  numbers  are  given  In  large  black 
figures.  Just  beyond  the  southern  and  eastern  margin  lines  of  the  sheet.  The 
section  lines  within  these  townships  are  represea<ed  by  fine  black  lines  Inclosing 
S(|uares  of  about  1  inch  length  on  the  side.  The  meridian  and  parallel  lines  are 
designated  by  the  border  lines  of  the  sheet  and  by  the  two  line  Intermediate  lines 
of  latitude  and  longltve.  The  degree  of  latitude  and  longitude  of  each  line  Is 
marked  on  the  i)order.  The  positions  of  cross  sections  are  shown  by  solid  blue 
lines,  lettered  to  correspond  with  the  lettering  on  the  section  sheet.  Altitudes  at 
various  points  are  designated  by  r.^d  numbers.  lUack  numbers  a<ljacent  to  drill 
hob'S,  wells  or  shafts,  designate  the  depth  of  the  opening,  unless  a  note  to  the 
contrary  l.s  added  The  line  broken  line  termed  the  horizon  line  of  a  coal  bed, 
which  runs  approximately  parallel  to  the  contour  line.  Indicates  the  limit  of  the 
special  coal  bed. 

K.XrLAN.lTION   OF  MBCTlOS    .•*HKET. 

The  cross  sections  In  the  upper  half  of  the  sheet,  show  the  profiles  and  the 
underground  structun»  along  the  lines  marked  on  the  map.  and  between  the 
respective  points  A,  H,  C,  D,  etc.— Outcrops,  shafts  and  drill  holes  adjacent  to 
these  cro'>.s  section.^  are  shown  on  them  In  their  proper  positions,  and  for  ready 
reference,  the  positions  of  towns  and  the  Intersections  of  the  cross  sections  with 
township,  range  and  .section  lines  are  also  designated. 

The  columnar  sections  of  the  lower  half  of  the  sheet  are  numbered  consecu- 
tively and  arranged  In  groups.— The  location  of  each  on  the  map  can  be  deter- 
mined by  reference  to  the  skeleton  map  In  the  lower  left  hand  corner  of  tht; 
sheet,  where  the  posltlonof  each  section  Is  Indicated  by  Its  special  number.— The 
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exact  locations  of  drills  and  shafts  are  given  on  tli(>  large  map  hy  name.— Kacli 
member  of  a  group  Is  placed  vertically  In  Its  proper  position  with  relation  to  a 
common  base  line  which  is  drawn  across  the  sheet.  The  correlation  of  the 
strata  represented  In  the  different  sections.  Is  Indicated  by  flne.  broken  lines 
ccmoectlng  the  different  members.  The  members  of  the  group  of  detailed  sec- 
tions In  the  lower  right  hand  comer  are  of  coal  beds  which  liave  been  operated 
at  different  points.  They  are  on  a  large  scale  and  show  the  details  which  are  of 
Importance  for  successful  mining. 
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PREFACE. 

The  first  of  this  series  of  sheet  reports,  that  on  the  Hig- 
ginsville  sheet,  was  issued  in  folio  form.  The  iDCODvenieDce 
for  reference  of  sach  large  sheets  of  text  has  led  to  the  snb- 
stitation  of  the  present  form  for  this  and  succeeding  reports 
of  the  series. 

The  nature  and  scope  of  these  sheets  and  accompanying 
reports  have  been  described  in  the  preface  of  the  Higginsville 
sheet ;  all  that  we  wish  to  emphasize  here  is  that  these  reports 
are  intended  to  be  as  nearly  exhaustive  and  full  to  descriptive 
detail  concerning  the  special  area  as  is  practicable,  and  to  be 
correspondingly  free  from  discussion  of  large  questions  involv- 
ing broad  inquiry.  Hence  numerous  sections  are  described  in 
detail,  and  important  results  of  earlier  workers  are  freely  in- 
corporated. 

The  Bevier  sheet  proper  is  entirely  the  product  of  the 
work  of  the  State  Geological  Survey.  The  geographic  posi- 
tions of  the  township  and  range  lines  were  fixed  from  previous 
determinations  of  latitude  and  longitude  at  Glasgow  and  Co- 
lumbia, and  from  a  special  determination  made  by  the  U.  S. 
Coast  and  Geodetic  Survey  at  Macon  City,  for  which  we  are 
indebted  to  Dr.  T.  G.  Mendenhall,  the  superintendent.  The 
court  house  cupola  at  that  place  was  located  as  follows  by  the 
final  computation : 

I>atltud<>  of  court-house  cupola,  Macon  City Sa""  44^  32". 27 

Longitude  (W.  of  G)  *»  **        92°  28M7".18 

From  these  points  of  control  errors  in  location  of  range 
and  township  lines  were  distributed,  and  upon  this  base  the 
work  proceeded  as  has  already  been  described. 

In  drawing  the  horizon  line  of  the  Bevier  coal  bed  on  the 
map,  we  have  gone  a  little  farther  than  was  the  case  with  the 
Higginsville  sheet,  and  have  extended  it  over  areas  where  the 
actual  presence  of  a  workable  coal  bed  has  not  been  demon- 
strated. This  was  done  largely  as  a  more  definite  suggestion 
to  future  exploration.    But,  in  making  use  of  these  results,  the 
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significance  of  a  ''horizon  line,"  and  its  relations  to  the  actual 
area  of  a  coal  bed,  as  defined  in  the  Higgiusville  preface, 
should  be  borne  in  uiind. 

The  great  part  of  the  following  report  is  entirely  the  out- 
come of  Prof.  Gordon's  labors,  as  is  also  the  geology  of  the 
map  and  section  sheet.  The  topographic  base  is  a  joint  pro- 
duct of  Prof.  Gordon's,  Mr.  Marbut's  and  Mr.  Shelton's.  The 
articles  by  Prof.  Todd  and  Prof.  Wheeler  on  the  Quaternary 
geology  and  clays  respectively  are  the  results  of  independent 
work  in  the  satne  area^  Mr.  J.  D.  Robertson  conducted  the 
analyses  of  the  coals,  and  also  rendered  much  assistance  iu 
proof-reading  and  indexing  of  the  report. 

Abthdb  Winslow, 

State  Geologist. 
Jbffbbson  Oity,  Mo.,  Oct.  24, 1893. 
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REPORT  ON  THE  BEVIER  SHEET. 

BY  C.  H.  GORDON,  Assistant  Geoloslst- 


INTRODUCTION. 


AREA  AND   LOOATIOIT. 

The  Bevier  Bbeet  comprises  the  sonthweBtem  part  of 
Mscoa  conot;,  and  also  portions  of  Chariton  and  Randolph 
counties.  It  is  named  from  the  town  of  Bevier,  in  the  north 
eastern  comer.  The  area  represented  by  the  sheet  is  a  qnad* 
rilatera]  of  fifteen  minntes  extent  in  longitnde  and  latitude, 
and  covers  230.01  sqnare  miles.  It  is  included  between  the 
lines  39"  30'  and  39"  46'  of  north  latitode  and  lines  92°  30'  and 
92°  45'  of  longitude  west  of  Greenwich.  It  is  in  the  central 
part  of  that  portion  of  Missoari  which  lies  north  of  the  Mis- 
sonii  river.  Its  location  with  respect  to  connty  lines  is  shown 
in  the  following  diagram : 


Barler  •heat  In  HMOn  ftnd 


•  -  • 


•  • 
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BAILWATS. 

The  only  railway,  exactly  speaking  within  the  area,  is  the 
Hannibal  &  St.  Joe  road,  which  enters  the  sheet  at  the  north- 
eastern corner  and  passes  oat  at  the  north  before  traversing^ 
half  the  distance  from  east  to  west.  A  small  branch  of  the 
Wabash  railway  connects  Ardmore  with  Excello  for  the  trans- 
portation of  coal.  Both  of  these  roads  are,  however,  contiga- 
oas  to  the  sheet  along  the  whole  northern  and  eastern  sides. 

TOWNS. 

No  towns  of  importance  occur  within  the  limits  of  the 
sheet. 

Bevier  is  a  small  town  located  in  the  northeastern  part  of 
the  area  on  the  Hannibal  &  St.  Joe  railway.  It  is  a  mining 
town,  and  one  of  the  oldest  in  this  section.  There  are  nine 
mines  in  operation  by  five  dififerent  companies.  The  popula- 
tion of  the  place,  according  to  the  resalt  of  the  Eleventh  cen- 
sus, is  876. 

Ardmore  is  the  center  of  the  coal  industry  in  the  eastern 
part  of  the  sheet.  It  is  of  recent  growth,  and  its  inhabitants 
consist  solely  of  the  operatives  of  the  adjacent  mines.  It  is 
connected  with  the  Wabash  railway  at  Excello  by  a  switch. 
The  population  is  not  over  a  few  hundred. 

College  Mound  is  an  old  town  of  inhabitants  characterized 
by  no  special  industries  and  supported  by  country  trade.  It 
is  the  center  of  a  rich  agricultural  region.  Its  chief  interest, 
however,  is  centered  in  McGee  College,  from  which  it  takes 
its  name. 

Darkville  consists  of  a  few  houses,  a  church  and  a  store 
for  supplying  the  local  trade. 

Thomas  Hill  is  likewise  of  small  dimensions,  but  has  an 
additional  interest  in  the  coal  mine  which  is  operated  there  on 
a  small  scale. 

Other  places  are.  Rolling  Home,  Grand  Center,  Hubbard, 
Kaseyville,  Barryville  and  Lagonda,  which  consist,  for  the 
most  part,  of  a  store  and  postoffice  for  the  convenience  of  the 
surrounding  country. 
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INDUSTRIES. 

The  IndaBtries  of  the  region  are  restricted  to  agricnlture 
and  coal  mining.  With  some  exceptions,  all  of  the  sheet 
included  between  Middle  fork  and  Chariton  river  is  well 
adapted  to  agriculture,  and  for  the  most  part,  is  in  a  good 
state  of  cultivation.  Between  East  and  Middle  forks  agricnl- 
ture gives  scant  rewards,  excepting  over  the  higher  portions 
of  the  hills.  While  the  chief  interest  centers  in  coal,  the  total 
value  of  shipments  is  only  about  68%  of  that  of  agricultural 
products,  or  about  40%  of  that  of  the  total  shipments.  The 
Ibrm  products  consist  chiefly  of  hay,  fruit,  wheat,  oats  and 
com,  and,  in  addition,  largenumbers  of  cattle,  hogs  and  other 
live  stock  are  raised  and  shipped.  ^ 
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TopooRAPUY—HYDBOOBApnY—SoiM— Forestry. 
TOPOGRAPHY. 

The  tract  included  in  this  report  is  occupied  mainly  by 
the  two  divides  extending  from  north  to  south  and  separating 
the  adjacent  valleys  of  East  fork  and  Chariton  rivers,  in  the 
order  named,  from  east  to  west.  It  includes  four  plateaus, 
which  may  be  termed  the  eastern 'border,  eastern -central,  west- 
ern-central and  western-border  areas. 

The  EaBtern-Border  Area. — The  eastern-border  area  is  lim- 
ited in  extent,  including  only  the  western  margin  of  the  ^'Grand 
Divide,"  where  it  is  scalloped  and  ravined  by  the  numerous 
and  widely- branching  secondaries  of  East  fork.  This  stream 
enters  the  sheet  near  the  northeastern  corner  and  flows  approx- 
imately southward,  leaving  the  area  for  a  short  distance  in  the 
upper  halC  however.  With  the  steep-bluffed  ravines  it  occu- 
pies a  strip  from  two  to  three  miles  wide,  though  its  bottoms 
do  not  usually  exceed  three-fourths  of  a  mile  in  width.     At 

1  From  fljnires  given  by  the  State  Labor  CommisBloner.  Hon.  WiHard  C.  HaU,  in 
lilt  report  for  18Ul.  the  valne  of  »hipmentB  of  Tariooa  products  from  rallwav  points  in 
Maoon  connty  during  the  year  1801  was,  in  round  numbers,  as  follows:  Coal,  $668,000; 
cattle,  $S68,000;  hogs.  $196,000;  horses  and  moles,  $1S6,000;  flniit,  90,000;  wheat, 
$11,000;  and  hay,  $19,000. 
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Maoon  City,  just  beyond  the  sheet,  the  altitude  of  the  ^^Grand 
Divide "  is  890  feet,^  and  from  here  it  slopes  fi:radaally  south- 
ward to  Jacksonville,  where  the  altitude  is  861  feet.  Erosion 
has  reduced  thistoward  the  west,  so  that  the  highest  points  in 
the  strip  included  within  the  sheet  are  about  800  feet  A.  T. 

The  Hastem-Oentral  Plateau, — The  divide  included  between 
East  and  Middle  forks  is  from  five  to  six  miles  wide.  It  is 
sharply  incised  along  its  eastern  margin,  but  broadly  scalloped 
and  crenulated,  and  with  longer  and  gentler  slopes,  on  its  west- 
ern side  along  Middle  fork.  The  interior  is  generally  well 
drained  by  more  or  less  important  secondaries,  which  take 
their  rise  in  widely-branching  dendritic  systems,  sharply  incised 
in  the  plateaus.  The  crest  of  the  divide  occupies  an  irregular 
line  from  one  to  two  miles  west  of  the  channel  of  East  fork. 
Its  highest  point  is  just  east  and  north  of  Bevier,  on  the  road 
to  Macon  City,  where  its  altitude  is  878  feet.  It  slopes  south- 
ward within  a  mile  or  two  to  about  850  feet,  which  altitude  it 
maintains  to  near  the  southern  limits  of  the  sheet,  where  it 
descends  to  less  than  820  feet.  The  chief  drainage  is  thus  seen 
to  be  toward  the  west  into  Middle  fork,  though  the  more  impor- 
tant secondaries  partake  more  or  less  of  the  general  south- 
ward flow  of  the  streams  of  this  region.  Especially  is  this 
true  of  Olaybank  creek,  in  the  western-central  part  of  the 
divide,  and  of  Muncas  and  Dark  creeks,  in  the  southern  portion. 

The  Western-Central  Plateau. — This  plain  is  included  be- 
tween Middle  fork  and  Chariton  river,  and  varies  from  three 
and  one-half  to  five  miles  in  width.  On  either  side  it  is  bor- 
dered by  gradually  sloping  margins,  broadly  scalloped  by  the 
lateral  drainage.  Gentle  slopes  constitute  an  especial  feature 
of  its  topography.  In  the  southeast  only  do  we  find  anything 
corresponding  to  the  abrupt  declivities  and  sharply  incised 
drainage  of  the  eastern  areas. 

Here,  also,  we  find  the  highest  altitudes  at  the  north  (840 
ft.  A.  T.),  with  a  gradual  slope  to  about  760  ft.  A.  T.,  near  the 
southern  line.  At  the  north  the  crest  line  is  farthest  from 
Middle  fork,  which  thus  drains  the  largest  area,  as  in  the  pre- 
ceding case.  But,  in  the  southern  half  the  conditions  are 
reversed,  the  crest  line  approaching  Middle  fork  ;  the  principal 

1  The  UannibBl  &  Sc  Joe  track  in  ^ront  of  the  depot  1b  8G7  feet;  the  Wabash 
Ry.  at  the  croBftiog  of  the  HaDnibal  ft  St.  Joe  road  Is  886.5  feet.— Gannett's  Dictionary 
of  Altitudes     Balietin  No.  5,  U.  S.  Geol.  Sarvoy. 
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drainage,  therefore,  is  westward  into  the  Ohariton  river.  The 
principal  secondary  is  Morrow  creek,  which  drains  the  northern 
central  portion,  traversing  it  from  north  to  south,  and  emptying 
into  Middle  fork  in  the  vicinity  of  Grand  Center. 

The  Western-Border  Area. — ^This  area  consists  of  a  narrow, 
pointed  tract,  bordered  on  the  east  by  the  Chariton  valley  and 
terminating  on  the  south  near  the  northwest  corner  of  town- 
ship 55  N.,  16  W.  The  greatest  width  of  this  tract  little 
exceeds  two  and  one-half  miles.  Along  its  eastern  margin  the 
surface  is  abrupt  and  incised  by  many  short,  steep  and  widely 
branching  ravines,  which  open  into  the  valley  of  the  Chariton 
river.  Its  central  portion  is  drained  by  Puzzle  creek,  a  south- 
ward flowing  stream  emptying  into  the  Chariton  river.  Along 
this  creek  the  slopes  are  comparatively  gentle. 

Altitudes. — ^The  altitude  of  the  Chariton  river  valley  varies 
from  650  feet  to  690  feet  A.  T.;  that  of  Middle  fork  from  675 
feet  to  740  feet  A.  T.,  and  that  of  East  fork  from  700  feet  to 
760  feet  A.  T. 
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Fig.  1.    Hrpioin«tr1cdi(iST*mot  the  Bevleralieet. 
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TABLE  OF  ALTITUDES  IN  THE  AREA  OP  THE  BBYIEB  SHEET. 

Locality.  pkbt,  a.  t, 

Bevler— railroad  track  at  depot 781^ 

Ardmore — at  store  on  level  with  opening  to  No.  26 756' 

Clay  bank  creek— at  bridge,  west  of  Ardmore 713' 

College  Mound— Id  front  of  College 840« 

Darkville 826« 

ThomasHlU    f  m  front  of  store 764« 

\atMllman'8  shaft 678* 

Prairie  Hill 725» 

Boiling  Home— in  front  of  store 778' 

-Grand  Center— opposite  store 777* 

Hubbard— corner  of  road 710* 

Easeyville- at  school-house,  one-half  mile  north  of  store 781' 

BarryviUe — corner  of  road 780* 

Lagonda— at  store 760* 

Hammack's  MUl— at  bridge 686* 

The  distribution  of  zones  of  elevation  and  the  general 
character  of  the  drainage  are  illastrated  by  the  diagram  on  the 
preceding  page. 

HYDBOGBAPHT. 

Chariton  Eiver. — Ohariton  river  is  the  stream  of  chief  im- 
portance, and  receives  ultimately  the  entire  drainage  of  the 
district.  It  enters  the  sheet  near  the  northwestern  corner, 
and,  flowing  southward,  bears  gradually  westward,  cutting  the 
western  boundary  about  four  miles  north  of  the  soufhwestem 
corner.  The  valley  is  about  two  miles  wide,  usually  with  gen- 
tle slopes  on  the  east  and  steep  declivities  on  the  west.  Within 
this  valley  the  river  meanders  from  side  to  side,  approaching 
the  western  bank  twice  and  the  eastern  once  within  the  limits 
of  the  sheet. 

The  fall  of  the  stream  vithin  the  limits  mapped,  is  about 
30  feet,  or  an  average  of  about  two  feet  per  mile,  without 
taking  account  of  the  meanders.  Its  valley  is  from  190  to  200 
feet  below  the  general  summit  level  of  the  uplands.  At  inter- 
vals there  occur  more  or  less  irregularly  crescent-shaped  ponds 
or  lakes,  occupying  depressions  representing  former  but  long 
since  abandoned  channels.    They  are  usually  shallow,  with 

1  Dictionary  of  altitudes.— QanneU.    BuUetin  No.  76,  U.  S.  Geological  Survey. 

s  Leyellliig. 

s  Aneroid  barometer 
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mnddy  bottoms  and  reedy  margins.  The  surface  of  the  water 
is  more  or  less  covered  with  a  thick  growth  of  pond  lillies. 
They  have  asaally  no  ontlets,  and  are  sapplied  with  water  by 
the  overflow  of  the  main  stream  and  by  drainage  from  the  ad- 
jacent slopes.  The  largest  of  these,  Swan  lake,  occupies  nearly 
a  square  mile,  or  one  section.  These  ponds  are  gradually  fill- 
ing up  and  drying  out,  and,  were  it  not  for  the  overflow,  would 
soon  cease  to  exist. 

The  river  channel  is  from  150  to  200  feet  wide,  with  banks 
slightly  raised  about  the  adjacent  bottoms.  Portions  of  these 
rich  alluvial  botoms  have  been  brought  under  cultivation,  but 
the  danger  to  crops  from  floods  renders  their  cultivation  ex- 
tremely hazardous. 

Middle  Fork. — This  stream  is  next  in  importance  to  the 
Chariton  river,  into  which  it  flows  at  a  point  not  far  above 
where  the  latter  joins  the  Missouri  river.  Entering  the  sheet 
near  the  middle  of  its  northern  boundary  it  maintains  a  south- 
erly course  approximately  parallel  to  the  Ohariton  river.  The 
valley,  in  which  it  flows  alternately  from  side  to  side,  is  about 
three-fourths  of  a  mile  wide,  with  crenulated  marginand  usually 
gradually  sloping  bluffs.  As  in  the  case  of  the  Ohariton  river^ 
though  to  a  less  degree,  the  width  of  its  valley  is  greatly  dis- 
proportionate to  that  of  the  stream,  which  is  not  over  fifty  feet 
wide.  The  fall  of  Middle  fork  is  slightly  greater  than  that  of 
the  Ohariton,  averaging  about  four  feet  to  the  mile.  The  de- 
pression is  from  140  to  170  feet  below  the  general  plain  level. 
Small  crescent-shaped  ponds  and  bayous  also  diversify  the 
valley. 

East  Fork. — This  stream  is  near  the  eastern  limits  of  the 
sheet  and  occupies  a  narrow  valley  with  abrupt  slopes,  sharply 
incised  by  narrow  V-shaped  ravines  and  widely  branching  sec- 
ondaries. The  width  of  East  fork«bottoms  will  average  about 
one-half  a  mile.  In  this  narrow  valley  the  channel  meanders 
from  side  to  side,  though  it  more  generally  approaches   the 

eastern  bluff.* 

The  average  fall  of  the  stream  is  slightly  greater  than 

that  of  Middle  fork.    The  depression  of  its  valley  ranges  from 

120  to  100  feet  below  the  general  plain  level.    The  bottoms 

1  This  is  oontrmry  to  ttaettatement  of  Mr.  McG««  (Trans.  St  LoniB  Acad  Sci  . 
Tol.  V,  p  SO^).  A  reference  to  the  acoomiMknying  map.  however,  will  ehow  that  the 
Matem  deflections  of  the  channel  aa  oompared  with  its  western  are  about  as  i^  to  7. 
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are  diversified  by  small  crescent-shaped  ponds  and  bayoas, 
bat  these  are  much  less  frequent,  and  are  smaller  in  size  than 
those  of  the  preceding  valleys. 

Secondaries, — No  stream  of  special  importance  flows  into 
East  fork  within  the  limits  of  the  sheet.  ^Numerous  small 
tribataries  of  high  declivity  in  Y-shaped  ravines  set  back  into 
the  marginal  blafifs.  Of  these  the  smaller  (and  newer)  meet  the 
main  stream  at  high  angles ;  while  the  larger  approximate  more 
or  less  to  parallel  courses. 

Dark  creek  takes  its  rise  near  College  Monnd,  and,  flowing 
southward,  enters  East  fork  about  two  miles  east  of  Olifton 
Hill. 

The  western  slope  of  the  eastern-central  plateau,  however, 
has  a  more  extensive  drainage,  which  is  received  by  several 
relatively  important  branches.  Of  these,  the  most  important 
are  Garrett's  branch,  Glaybank  creek  and  Muncas  creek. 

Garrett's  branch  is  a  comparatively  small  stream  which 
heads  near  the  northeastern  corner  of  the  sheet,  flows  west- 
ward past  Bevier  and  empties  into  the  Middle  fork. 

Olaybaok  creek  is  made  up  of  two  branches,  termed  North 
fork  and  South  fork  respectively.  North  fork  takes  its  rise 
about  a  mile  southeast  of  Bevier  and  joins  South  fork  at  a 
point  about  three  miles  northwest  of  College  Mound,  from 
which  point  the  creek  takes  a  westward  course  and  soon  enters 
Middle  fork.  South  fork  heads  at  the  summit  of  the  plateau 
just  west  of  Ardmore.     Its  course  is  westward  and  northward. 

Muncas  creek  heads  on  the  western  slope  of  the  plateau 
near  Darkville,  takes  a  southerly  course,  and  empties  into  Mid- 
dle fork  southeast  of  Salisbury. 

Morrow  creek  takes  its  rise  in  two  branches  northwest 
of  Callao  on  the  HauDibal  and  St.  Joe  railway,  flows  south 
ward  and  enters  Middle  fork  near  Grand  Center  P.  O.  Its 
banks  are  characterized  by  more  gentle  slopes  than  is  the  case 
with  those  entering  Middle  fork  from  the  east. 

Puzzle  creek  enters  the  sheet  at  the  northwester^  corner, 
flows  southward  between  banks  with  more  or  less  gentle  de- 
clivities, and  enters  Chariton  river  about  two  miles  northwest 
of  Hubbard  P.  O.  Towards  its  mouth,  the  adjoining  slopes 
increase  in  declivity. 
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The  secondaries  have  no  perennial  snpplies  of  water,  and 
are  dry  except  after  freshets  and  daring  rainy  seasons,  when 
they  are  filled  with  drainage  from  the  adjacent  slopes. 

Springs. — Springs  are  of  rare  occurrence  within  the  limits 
of  the  sheet  Occasionally  places  are  found  where  limited 
snpplies  of  water  flow  oat  at  the  junction  of  a  sandstone  and 
shale,  bat  no  springs  of  importance  are  known  to  occur  in  the 
district. 

ANALYSIS  OF  TOPOGRAPHIC  STBUOTUKB. 

The  chief  characteristic  of  this  topography  is  the  com- 
bination of  level  plain  and  varying  steep  and  gentle  slopes. 
The  configuration,  due  entirely  to  erosion,  has  been  developed 
upon  what  was  originally  evidently  an  unbroken  wide-stretch- 
ing plain^;  it  illustrates  in  a  striking  manner  the  autogenous' 
type  of  topography. 

The  superficial  deposits  were  evidently  laid  down  upon 
a  rock  surface  already  more  or  less  eroded,  in  a  manner  similar 
to  the  present  drainage  system,  and,  while  the  present  drain- 
age is  intimately  associated  with  these  deposits,  and  more  or 
less  modifies  them,  the  general  features  of  the  region  were  out- 
lined apparently  by  pre-glacial  erosion.  In  all  regions  of  grow- 
ing autogenetic  drainage  it  is  observed  that  each  considerable 
tributary  may  be  divided  into  three  portions,  in  the  first  of 
which  the  declivity  is  high  and  the  waters  do  not  deposit 
their  detritus ;  in  the  second  the  declivity  is  less,  and  deposition 
results  from  seasonal  and  non -periodic  variation  in  stage ; 
while  in  the  third  the  stream  approaches  base-level  and  flood- 
plain  deposition  prevails.  According  to  this  principle,  the 
relative  age  of  the  streams  of  any  particular  region  may  be 
determined  by  a  comparative  study  of  their  valleys. 

A  study  of  the  valleys  of  the  sheet  shows  that  the  Chari- 
ton river  and  Middle  fork,  with  their  comparatively  wide  valleys 
and  meandering  channels,  are  evidently  approaching  base-level, 
and  erosion  is  principally  directed  toward  the  widening  of  the 
valley.  In  the  case  of  East  fork,  the  narrow  valley,  more  rug- 
ged topography,  and  prevalent  V-shaped  ravines,  show  it  to  be, 
as  yet,  in  its  adolescent  and  more  active  stage,  though  rapidly 
approaching  the  condition  of  the  preceding  streams. 

1    McGee,  Trans.  St.  Louie  Aoad.  Scl.,  Vol    V.,  p.  311 

«  A  U»Tm  f^yen  by  Mclaree  to  denote  drainage  developed  npon  a  level  or  level  plain , 
nnaffcoted  by  localized  orogenlc  movements,  either  antecedent  or  sabseqaent  to  the  blrlh 
of  the  water-ways.    7th  Annual  Rep.  U.  S   Geol.  Sarv.,  p.  562. 
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SOILS. 

The  soils  of  the  region  belong,  for  the  most  part,  to  that 
portion  of  the  glacial  deposit  commonly  denominated  "  gumbo,'' 
which  is  generally  of  peculiar  tenacity  and  intractability. 
Above  the  bottoms  a  shallow  humus  overlies  a  tenacious  and 
nearly  impervious  yellow  or  buff  clay,  with  but  little  sand. 
Boulders  and  pebbles  are  distributed  sparingly  through  it. 
Along  East  fork  the  soil  is  poorly  adapted  for  agriculture, 
though  usually  supporting  a  dense  but  stunted  undergrowth. 

The  bottoms  of  all  the  streams  support  a  liberal  growth 
of  elms,  oaks,  etc.  The  uplands  in  the  vicinity  of  Darkville 
and  Oollege  Mound  furnish  some  excellent  farming  lands,  as 
does  also  most  of  the  area  between  Middle  fork  and  Ohariton 
river.  A  strip  of  land  several  miles  wide,  extending  from  Ard- 
more  northwestward  across  the  sheet  has  suffered  much  from 
depletion  by  erosion,  due,  doubtless,  in  some  degree,  to  details 
of  the  stratigraphy  which  will  be  noticed  later.  The  worst  fea- 
ture of  the  soils  is  the  tendency  to  '*  drown "  in  wet,  and  to 
^'  bake  "  in  dry  weather.  This  may  be  obviated  to  considerable 
extent  by  thorough  and  persistent  underdrainage.  The  intro- 
duction of  better  methods  of  agriculture  will  tend  greatly  to 
increase  the  fertility  of  the  soils.  In  some  cases  the  deteriora- 
tion of  soils  may  be  traced  to  the  injudicious  cultivation  of 
cotton  and  tobacco  in  early  days.  Until  recently  but  little 
wheat  has  been  raised  in  the  county.  It  has  been  found  to 
thrive  well,  however,  and  is  now  grown  quite  extensively  and 
vies  with  corn  as  the  principal  crop.  Fruits  likewise  have  been 
generally  neglected,  until  recently,  though  apples  and  other 
fruits  grow  well  and  are  now  being  cultivated  assiduously. 
The  wide  alluvial  bottoms  of  the  Ohariton  river  furnished  many 
acres  of  rich  soil  as  yet  unavailable  on  account  of  periodic 
overflow.  They  are  being  gradually  occupied,  however,  though 
their  cultivation  is  rendered  hazardous  from  high  water. 

FOBBSTBT. 

The  timber  is  mostly  confined  to  the  slopes  and  valleys 
along  the  streams.  Along  East  fork  the  slopes  are  generally 
covered  with  a  profuse  though  stunted  growth  of  oak  of  sev- 
eral species,  the  shingle  oak  predominating.    The  bottoms  of 
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Middle  fork  and  Ohariton  river  are  occupied  by  a  characteristic 
growth  of  elms,  oaks  and  other  trees.  In  the  case  of  the  latter 
stream  in  the  northern  portion  of  the  sheet  the  timber  is  mostly 
confined  to  the  western  bank,  bnt  toward  the  south  it  occapies 
nearly  the  entire  bottom.  The  steeper  slopes  of  the  secondary 
streams  are  likewise  covered  with  a  varying  growth  of  timber, 
while  that  on  the  gentler  slopes  has  been  largely  removed  for 
cultivation.  The  following  is  a  list  of  trees  found  growing  in 
the  district.  Those  marked  with  an  (*)  are  of  comparatively 
rare  occurrence : 

LIST  OF  TBBBS  WITHIN  THE  LIMITS   OF  THE   fiBVIEB  SHEET. 

PoBt  0%k  or  Iron  O&k (^uereua  $Ullata* 

WhiteOak q.,  alba 

Red  Oak Q.  rubra 

Pin  Oak Q .  palusiru*  (Broadbead) 

QueroitroD,  Yellow  Barked  or  Black  Oak Q.  coceineavar,  Hnctoria 

Laurel  or  shingle  Oak Q.  imbricaria 

Swamp  WhiteOak Q.  bieolur* 

Burr,  Overcup  or  Mossy  Oak Q.  maerocarpa 

Swamp  PoBt  Oak Q.  lyrata* 

Olaucas  Willow  Salix  discolor 

Cottonwood  or  Necklace  Poplar , Populns  monilifera 

Shell-bark  or  Shag-bark  Hickory Carya  alba 

Black  Wain  at Juglans  nigra* 

Sycamore  or  Button  wood PUttanua  oeeidetUalis 

American  or  White  Elm Ulmus  amerieana 

Ami^rican  Crab  A  pple Pyrus  auguatifolia 

White  or  Silver  Maple Acer  aaccharlinum  var.  nigrum 

Horse  Chestnut jEiculus  hippoeaatanum 

Black  Ash Fraxinua  snmbueifolia 

Common  Pawpaw Asi^rwia  triloba 

Water  liOCUSt Qleditachia  aquaiica 

Honey  I.(Ocust O.  tricanihoa 

Black  Haw Viburnu?n  pruni folium 

Wild  Black  Cherry Prunua  aerutina 


STRATIGRAPHIC  GEOLOGY. 

Formationt Both  claatic  or  stratified  rooke  and  snper- 

floial  deposits  are  represented  wilhiD  the  area  of  tbe  sheet. 
The  former  belouR  to  the  Coal  Meaeare  division  of  the  Carbon- 
iferoDS  period,  and  the  latter  oonsiet  of  the  drift  of  tbe  first 
Glacial  epoch,  and  alloviam.  The 
following  dia^am  represents  tbe 
order  and  classifioation  of  the  rocks 
fooDd  within  tbe  limits  of  tbe  sheet. 

THB   COA.L  UBABUBB8. 

So  dearly  recognizable  horizoo 
has  yet  been  generally  defined  for  the 
line  between  the  Lower  and  Middle 
Coal  Meaenres  of  the  State,  and  tbe 
separation  is  here  made  provisionally 
at  the  top  of  the  arenaeeoas  deposit 
overlying  the  Bevier  coal.' 


thatwtist  bw  twen  ooi 

Tlclnliyor  Wskendu „._,. 
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e  dlatsnca  benraih  thta  ooal  u  it  dose  fnrthei 
wat.  Bince  landalOTiea  miy  and  do  occur  at  dlffn- 
BDt  bortcona  wllbln  tbiBdcpotll.     We  lisvs  tben- 

or  nwr  the  bMeof  tbe  Uaooo  Lit;  coal  brd.  tbli 
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a  MoreoTer.  lithoIoKioallT  tbia  upHdIUoii  oonunenda 
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(m)   Tbs  ebataolcT  of  lbl>  depoalt  abowa  that  It 
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toabUs  brtng wUhODttKomilEFd  order 
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Exposures  within  this  area  are  confined  principally  to  the 
banks  of  East  fork  and  to  the  lower  portion  of  Middle  fork. 
Isolated  exposures  also  occur  along  Glaybank  creek  and  west 
of  Chariton  river.  A  large  proportion  of  these  outcrops  con- 
sist of  projecting  ledges  of  the  limestones  overlying  either  the 
Macon  City  or  Summit  coals,  which^  owing  to  their  hardnesSf 
are  well  fitted  to  withstand  erosion.  Numerous  outcrops  of 
both  the  Bevier  and  Macon  City  coals  occur  in  the  eastern 
half  of  the  sheet. 

The  general  character  and  arrangement  of  the  strata  com- 
prising the  indurated  rocks  of  this  district  are  illustrated  in  the 
following  series  of  sections: 

Typical  Sections  (Eastern). — One  of  the  most  important 
Bections  obtained  is  that  of  the  Eureka  shaft,  which  penetrates 
very  nearly  the  entire  thickness  of  the  Goal  Measure  strata 
found  here.  It  is  located  on  the  Hannibal  &  St.  Joe  railway, 
near  the  bridge  over  East  fork  and  about  1}  mile  west  of  Macon 
City.  It  is  15  feet  above  the  track,  about  35  or  40  feet  above 
the  water  in  East  fork,  and  is  171  feet  deep.  The  following 
record  was  obtained  from  Superintendent  E.  D.  Hillyer: 

Section  I  (No.  8  of  Section  sheet). 

Eureka  Shaft— Macon  Coal  Company. 
Three  milea  taM  of  Bevier — Top  of  aha  ft  about  800  feet^  A,  T, 

Drift  and  Alluvium.  ft.    in. 

1 .  Soil,  aand^ 9 

2.  Cy&y^  blue,  marly «...  8 

3.  Sand 3 

4.  Gravel 1 

Depth 21 

Middle  Coal  Measures. 

Interval  to  top  of  Middle  Coal  Measures  about  160  feet, 

5.  Limestone 3 

6.  Shale,  black ,  fissile 3          6 

7.  Coal  ( Summit  Bed ) 1 

8.  Clay 7         6 

9.  Sandstone 2         6 

10.  Shale ,  micaceous,  sandy 9  6 

11 .  Limestone ,  hard,  bine  ;  known  as  *^  Bluestone  "  by  drillers 3 

12.  Shale,  black,  fissile 4 

13.  Coal  (  Macon  City  Bed  ) 1  6 

14.  Clay 6  6 

Depth 63 
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Low^R  Coal  Measures. 

FT.     IN. 

16.  Shsle,  mieaceouSn  Bandy  J  with  Bome  Bondstone 8  6 

16.  "Cement  rock"  ( limestone— A.  W.) 2 

17.  8bale,  arenaceouB 3 

18.  Coal,  with  1''  to  2^  sbale  &eam  (  Beyibr  Bed,  operated ) . . . .    2 

19.  Clay 6 

20.  Limestone 3 

21.  8hale 2         6 

22.  Limestone 6 

23.  Shale 6 

24.  Limestone 1 

25.  Shale 1 

26.  Shale,  black,  JiBsile 6 

27.  Limestone 6 

28.  Shale 4 

29.  Shale,  black,  argillaceouB 7 

30.  Limestone 6 

31.  Bhtile,  black 6        6 

32.  Coal  (  Lower  Ardmore  Bed  ) 2 

33.  Clay 11 

34.  Sandstone 6 

36.  Shale,  vnth  thin  layerB  of  limestone  and  sandstone 7       6 

36.  Shh\e,blaek,  fissile 6 

37.  Clay 12       6 

38.  Shale,  6^cX;,  fissile 2 

39.  Shale 8 

40.  Shale,  black,  fissile 3 

41.  Coal  vnth  clay  seam  from  6"  to  5^  (Eureka  Bed,  operated).  6       2 

Total  thickness 172       4 

Interval  to  base  of  liOwer  Coal  Measures  about  30  feet. 

The  Missouri,  Kansas  &  Texas  Goal  Co.'s  shaft,  No.  46, 
is  situated  1}  miles  southeast  of  Bevier,  on  elevated  gronnd. 
The  following  interesting  section  was  kindly  supplied  by  the 
superintendent,  Mr.  J.  B.  Braidwood  : 

Section  II  (No.  2  of  Section  sheet). 

Record  OF  Shaft  46. 
One  and  one^half  miles  southeast  of  Bevier, 

Altitude  of  top  of  shaft  about  860  feet  A,  T.  FT.    IN. 

1.  Drift  Clay,  reddish  yellow 20 

2.  Clay,  hard,  reddish  yellow 45 

8.    Clay,  hard,  blue 41 

Depth 106 


• 
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MiDDLB  Goal  Mkasurbs. 
Interval  to  top  of  Middle  Coal  Meaaurea  about  160  feel. 

FT.     IK. 

4.  Shale 9       6 

5.  Limestone  (" /ron  ftonrf  rocA; '*  o/ record ) 2       6 

6.  ^hhle^hlaekyfieaile    2 

7.  Coal  (  Summit  Bbd) 1 

8.  Clay 6 

9.  Shale 10 

10.  Limestone 4 

11.  ^h9\e^  blacky  fissile    4 

12.  Coal  (  Macon  City  Bkd) 2 

13.  Sandstone  and  shales 16       6 

14.  Coal  (  Be visR  Bed,  operated ) 4       3 

Total  thickness 167       9 

Interval  to  base  of  Lower  Coal  Measures  about  100  feet. 

A  deep  drilling  was  made  by  the  Oakdale  Goal  company 
at  Bevier  daring  the  sammer  of  1891,  but  ho  record  of  this 
hole  could  be  obtained  bythe  Survey. 

At  Ardmore  numerons  exposures  occur,  principally  of  the 
Lower  Coal  Measure  rocks.  In  sinking  an  air-shaft  to  No.  26, 
on  the  hill  above  the  store,  other  rocks  were  penetrated,  and 
the  results  obtained  here  from  the  workmen,  combined  with 
some  surface  exposures,  furnish  the  following  section : 

Section  III  ( JVo.  5  of  Section  sheet ). 

Record  of  Air-shaft  to  No.  26  and  Exposures  at  Ardmore. 
Altitude  at  top  of  shaft  818  feet ,  A,  T. 

Drift.  ft.        ix. 

1 .  Clay,  red  and  yellow 34 

Middle  Coal  Measures. 

Interval  to  top  of  Middle  Coal  Measures  about  180  feet . 

2.  %h9Xe^  arenaceous    6 

3.  Limestone,  Aard,  blue  4  8 

4 .  Shales,  argillaceous  above,  black  and  fissile  below 4 

5.  Coal  (Macon  City  Bed) 6  to  18 

6.  Clay 2 

Depth 52 
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LowBR  Coal  Msasurks. 

FT.   IN. 

7.  Shales,  mieaeeoua,  sandy  ^  with  inUrmUteni  limestone  maseea  and 

ahalea^  aometimee  lithtfied 20 

8.  Coal  (Bevisr  Bed,  operated) 4 

9.  Clay 1 

10.  Concealed 22 

11.  Shsles,  blacky  fissile 3 

12.  Coal  (LowRR  Ardmorb  Bkd) 1       6 

Total  thioknesB.  103       6 

Interval  to  base  of  Lower  Coal  Measures  about  90  feet. 
Nos.  11  and  12  of  above  section  were  observed  in  the  bank  of  East 
fork  In  two  places,  one  near  the  bridge  and  the  other  near  Walter's 
bank.    The  thickness  of  the  Lower  Ardmore  coal  was  not  observed,  bat 
is  here  given  on  the  authority  of  McG«e.^ 

At  Thomas  Hill  a  shaft  has  been  sunk  to  the  Bevier  coaL 
The  top  of  the  shaft  is  bat  a  few  feet  above  the  adjacent  bot- 
toms of  Middle  fork.  On  the  hill  above  is  an  outcrop  corre- 
sponding to  the  summit  coal  and  overlying  shale  and  limestone 
of  the  general  section.  These  combine  to  give  the  following 
section : 

Section  IV (No.  9  of  Section  sheet). 

Record  of  Thomas  Hill  Shaft  and  Outcrops. 

Elevation  ai  top  of  section  about  69S  feet  A .  T. — Shaft  begins  17  feet  jbelow  top 

of  section,  at  676  feet  A .  T. 

MiDDLK  Coal  Mkasures. 

Interval  to  top  of  Middle  Coal  Measure  about  170  fed. 

_ ,       ^  FT.    nr. 

1 .  Limestone,  compact 3 

2.  Shale,  6/acA:, /»«ife 3 

3.  Coal  (  Summit  Bkd) 1       s 

4 .  Concealed ,  probably  shales 13 

6.  \AvDie%toiie,  yellowish  gray 3 

6.  Clay 3       $ 

7.  ^lisXe^  black  fissile  {horizon  of  Macon  City  coal) 1        6 

Depth  of  shaft 27     0 

LowiR  Coal  Mbasurss. 

8.  Sandstone,  micaoeota,  friable 8 

9.  Shale,  arenaceous 23        S 

10.  Shale,  black \....       6 

iQeology  of  Maoon  Co.— Trans.  St.  Louis  Aoad.  Sd.,  Vol.  V,  p.  8«. 
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FT.  IN» 

11 .  Coalf  ^  clay  seam,  1 1-2  feet  from  bottom  (  Bbvibr  Bbd) 4       & 

12.  Clay 1       6 

13.  Limestone,  nodular ? 

Total  thickness 65       6 

Interval  to  base  of  Lower  Coal  Measures  about  120  feet. 

The  shaft  is  owned  by  Mr.  MilmaD,  whose  son  famished 
the  above  record.  It  is  noticeable  that  there  is  no  coal  here  at 
the  horizon  where  we  would  expect  to  find  the  Macon  City 
bed.  Its  absence  here  is  doabtless  due  to  a  local  thinning  onU 
The  only  exposures  between  Middle  fork  and  Chariton  river 
are  isolated  ledges  of  the  Middle  Goal  Measure  limestones. 
West  of  the  Ohariton,  in  the  vicinity  of  Ham  mack's  mill,  a 
section  was  obtained  by  O.  0.  Broadhead,^  which,  sapple- 
mented  by  recent  observations,  is  as  follows : 

Section  V  (No.  7  of  Section  sheet). 

Haumack*8  Mill  Section. 
AUUude  at  top  about  725  feet.  A,  T. 

MiDDLB  Coal  Mbasurjbs. 
Interval  to  top  of  Middle  Coal  Meaeures  about  190  feet. 

FT. 

1  •    Limestone 3 

2.  Smut 1 

3.  Concealed 3  to  6 

Lower  Coal  Measures. 

4.  Sandstone,  micaceous^  brown,  soft 8 

5.  Shales,  green,  blue  and  olive,  sandy  ;  have  slaty  cleavages  and  con' 

tain  ferruginous  co7icretions  ;  dark  vegetable  stains  are  seen, ....  24 

6.  Sandstone,  thickly  bedded,  brown,  micaceous 11 

Total  thickness 53 

Interval  to  base  Oi  J^wer  Coal  Measures  about  120  feet. 

The  above  comprise  all  the  sections  obtained,  embraciDg 
both  the  Lower  and  Middle  Goal  Measure  strata.  Following 
is  a  more  detailed  discussion  of  each  division. 

THE  LOWER  COAL  MEASURES. 

Oeneral  character  and  thickness — The  area  in  which  the 
Lower  Goal  Measure  rocks  appear  at  the  surface  is  shown  upon 
the  accompanying  map.    It  will  be  seen  that  they  are  con- 

1  Report  of  MlASOuri  GeologlcalSarvey,  1865-1871,  p.  97. 
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fined  principally  to  the  valleyB  of  the  streams,  having  been 
brought  to  light  by  the  denudation  of  the  overlying  strata. 
The  total  thickness  of  this  division  is  between  140  and  180 
feet.  It  is  composed  principally  of  shales  and  sandstones,  with 
occasional  bat  irregular  beds  of  limestone.  Though  the  area 
exposed  is  comparatively  limited,  its  economic  importance  far 
exceeds  that  of  the  succeeding  division,  since  it  is  here  that 
the  most  productive  coal-beds  occur.  There  are  three  of  these, 
the  thickest  and  most  important  being  the  uppermost,  or 
Bevier  bed,  from  which  nearly  all  the  coal  mined  in  the  dis- 
trict is  obtained. 

A  reference  to  the  preceding  general  section  ( Fig.  3)  will 
show  the  character  and  succession  of  the  beds  constituting 
this  division.  From  a  stratigraphical  standpoint  some  of  these 
beds  are  deserving  of  a  more  detailed  description  than  they 
have  yet  received. 

Lagonda  Sandstones  and  Shales. — We  have  thus  designated 
the  arenaceous  deposit,  varying  from  18  to  50  feet  in  thick- 
ness, immediately  overlying  the  Bevier  coal  and  constituting 
the  uppermost  division  of  the  Lower  Goal  Measures.  It  is 
named  &om  the  Lagonda  postoffice,  in  the  vicinity  of  which,  at 
Buster's  quarry,  and  farther  north  at  Hammack's  mill,  it  has  its 
greatest  development.  We  have  already  noted  (p.  11)  some 
of  the  characteristics  of  this  deposit,  and  will  refer  to  it  only 
briefly  here.  This  formation  is  especially  remarkable  for  its 
variable  character  and  sudden  transition  from  shale  to  soft 
micaceous  sandstone.  It  is  frequently  marked  by  the  casts  of 
stems  of  sigillarids  and  calamites,  fern  leaves,  etc.  Towards  the 
east  this  deposit  is  usually  about  18  to  20  feet  in  thickness 
and  generally  more  or  less  shaly,  seldom  sho¥nng  sufficient 
traces  of  lithification  to  entitle  it  to  be  called  a  sandstone. 
As  traced  westward,  however,  it  not  only  increases  noticeably 
in  thickness,  but  exhibits  a  greater  tendency  to  become  indur- 
ated. This  is  manifested  more  often  by  the  development  of 
two  sandstone  horizons,  separated  by  a  considerable  thickness 
of  characteristic  shale.  At  the  Eureka  shaft  only  two  feet  of 
indurated  rock  were  found,  while  at  the  Black  Diamond  shaft,  a 
little  more  than  four  miles  west,  the  coal  is  overlain  by  four 
feet  of  hard,  white  sandstone ;  and  above  this,  and  separated 
f^om  it  by  10  feet  of  shale,  is  another  bed  of  hard,  yellow  sand- 
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stone  two  feet  thick.  It  is  noticeable  that  the  deposit  has 
increased  from  19  to  25  feet  or  more.  Still  farther  westward, 
on  the  Chariton  river,  at  Hammack's  mill,  the  deposit  has 
increased  in  thickness  to  43  feet,  and  probably  more,  having 
two  beds  of  soft  sandstone,  of  11  and  8  feet  respectively, 
separated  by  24  feet  of  the  shale.  This  middle  portion  some- 
times shows  the  presence  of  limited  and  non-persistent  cal- 
careous concretions,  nsaally  in  the  form  of  irregular  nodular 
masses  of  hard  blue  limestone. 

Bevier  OoaU — ^This  name  is  applied  to  the  ''  four-foot  seam" 
of  coal  immediately  underlying  the  last  described  stratum,  and 
is  so  named  from  the  town  where  it  was  first  developed,  and 
where  it  is  still  extensively  mined.^  Each  of  tiie  coal-beds 
occurring  within  the  district  possesses  certain  characteristics 
by  which  it  may  be  recognized,  though  in  the  case  of  the  Sum- 
mit and  Lower  Ardmore  coals  correlation  is  sometimes  a  little 
doubtful  unless  their  relation  to  other  coals  is  known.  The 
Bevier  and  Macon  City  coals,  however,  the  most  important} 
are  also  most  readily  recognized. 

The  following  are  the  means  relied  upon  for  their  deter- 
mination : 

1.  Character,  thickness,  and  sequence  of  the  coals  and 
their  associated  strata. 

2.  Altitudes  taken  in  connection  with  the  structural  fea- 
tures of  the  region. 

What  these  structural  features  are  will  appear  farther  on. 

By  reference  to  the  sections  of  this  report  it  will  be  noted  that 

the  Bevier  coal  is  characterized  as  follows : 

By  an  overlying  arenaceouB  deposit 18  to  50  feet  thick . 

By  a  coal  bed  with  clay  parting 4  to   5    '  *      * ' 

By  an  underlying  limestone 3  to   5    '  *     *  * 

This  may  be  considered  the  key  to  the  identification  of  this 
coal.  Further  discussion  of  this  coal  bed  will  appear  under 
the  head  of  Economic  Geology. 

Ardmore  Limestone. — This  is  an  irregular,  marly  and  con- 
cretionary limestone  underlying  the  Bevier  coal,  and  separated 
from  it  by  from  6  to  18  inches  of  clay.  It  appears  in  numer- 
ous exposures  in  the  vicinity  of  Ardmore.    It  is  generally  per- 

1  The  amoant  shipped  from  the  new  mining  town  of  A.TdmoTe  is  now  coneidera- 
bly  greater  than  that  firom  Bevier,  an  shown  in  the  Labor  CommisBioner's  report. 
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sistent  and  probably  co-extensive  with  the  associated  coal. 
ExamiDations  beyond  the  limits  of  the  sheet  sonth westward 
indicate  its  presence  outside  of  the  area  where  the  Bevier  coal  is 
known  to  exist.  The  limestone  is  qaite  fossiliferous,  nsnally 
abonndins:  in  Spirifer  oameratus^  Athyris  sudtilita^  Ohonetes 
mesaloba,  Productus  oostata,  Zaphrentis  and  other  forms.  The 
lower  layers  are  commonly  more  regularly  stratified,  while  the 
upper  consist,  for  the  most  part,  of  irregular  concretionary 
nodules  of  limestone  imbedded  in  a  marly  clay. 

Lower  Ardmore  Coal — The  Ardmore  limestone  described 
above  is  underlain  by  from  25  to  30  feet  of  argillaceous  and 
bituminous  shales,  sometimes  sandy,  and  with  a  few  thin  beds 
of  limestone  interstratified.  In  the  shales  above  the  coal  inter- 
mittent beds  of  bituminous  limestone  frequently  occur.  The 
coal  of  this  horizon  is  the  lowest  exposed  in  the  vicinity  of 
Ardmore.  No  known  outcrops  are  found  outside  of  the  val- 
ley of  East  fork.  It  is  overlain  by  from  five  to  six  feet  of  black 
fissile  shale  containing  ovoid  nodules.  These  have  given  oc- 
casion for  the  mistake  of  identifying  this  shale  with  that  over- 
lying the  Macon  City  coal,  where  similar  nodules  also  occur ;  ^ 
but  in  the  latter  case  they  are  usually  larger  and  more  con- 
spicuous. The  shales  seem  generally  to  be  overlain  by  lime- 
stone from  six  inches  to  three  feet  thick,  but  its  prevalence 
was  not  satisfactorily  demonstrated.  At  the  Eureka  shaft  11 
feet  of  clay  is  reported  underlying  the  coal.  The  coal  is  some- 
times divided  by  a  varying  thickness  of  clay  and  shale.  No 
attempt  has  been  made  to  mine  this  coal,  as  it  does  not  seem  to 
promise  profitable  results.^  A  discussion  of  its  economic 
value  is  therefore  omitted,  as  is  also  that  of  the  Summit  coal, 
for  a  like  reason.  • 

Eureka  Coal. — There  are  no  exposures  of  the  strata  below 
the  Lower  Ardmore  coal  within  the  limits  of  the  sheet,  and 
our  only  knowledge  of  these  is  based  upon  the  record  of  the 
Eureka  shaft.  That  record  shows  the  clay  underlying  that  coal 
to  be  followed  by  44  feet  of  alternating  beds  of  sandstone,  shale 
and  clays,  below  which  is  a  seam  of  coal  of  doubtful  extent  and 

iSee  6«>olog7  of  Macon  Comity,  by  Wm.  J.  McGee.  Trans.  St.  LoqIb  Acad.  Sol. , 
Vol.  V.  pp.  822  and  S28;  aU)  sections  7, 8  and  10  on  plate. 

2  At  Earpka  ebaft  an  entry  Is  now  being  driven  to  ascertain  if  it  can  be  worked 
witb  profit.    Report  State  Mine  Inspector  1891,  p.  61. 
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divided  into  two  benches  by  a  clay  seam  varying  in  thickness 
from  six  inches  to  five  feet.  The  coal  is  impure  and  roof  poor. 
The  fall  bed  is  aboat  6  feet  thick,  of  which  3}  feet  is  coal. 
This  is  the  only  known  occurrence  of  this  coal,  and  is  probably 
a  local  deposit.  The  deep  drilling  made  at  Macon  Oity  shows 
no  coal  at  this  horizon.^  Some  attempt  has  been  made  to  ope- 
rate this  bed  here,  but  it  has  not  been  attended  with  success, 
owing  largely  to  the  poor  character  of  the  roof. 

The  following  sections  include  the  exposures  of  Lower 
Goal  Measure  rocks  seen  within  the  sheet.  Additional  details 
appear  in  the  preceding  typical  sections  and  under  the  eco. 
nomic  discussion  of  the  Bevier  coal. 

Hast  Fork  Sections. — In  the  northern  part  of  the  sheet  no 
exposures  of  the  Lower  Goal  Measures  appear  along  East  fork. 
A  general  section  representing  the  exposures  at  Ardmore  is 
given  on  page  16.  At  several  places  northeast  of  the  store 
the  Ardmore  limestone  and  Lagonda  shales  outcrop  along  the 
stream.  About  half  a  mile  northeast  the  shales  overlying  the 
Lower  Ardmore  coal  appear  in  the  west  bank  of  the  stream. 
O.  G.  Broadhead  gives  a  section  from  thre  locality,  which  is  here 
inserted : 

Section  VL 

Skction  on  East  Fork, 

One- half  mile  northeast  of  Ardmore  (S.  W.J  N.  W.J,  Sec.  19). 

Altitude  at  top  of  section  about  753  A,  T. 

FT.         IN. 
Interval  to  top  of  Lower  Coal  Measures  about '20  feet , 

1.  ^Xo^^y  concealed 3 

2.  Limestone,  thick  bedded^  bluish  gray;  breaks  in  nodular  masses,  2  G 

3.  Slope,  concealed 12 

4.  Shales,  bituminous^  contains  a  bed  of  limestone 4 

5.  Coal  (LowKR  Ardmore  Bed) 1  4 

6.  Clay,  blue 1 

7    Concealed 2            G 

S.    Shales,  bituminous 1             G 

9.    Coal 1   ^       2 

10.    Clay ,  yellow  1-f 

Total  thickness 29  1 

Interval  to  base  of  Lower  Coal  Measures  about  90  feet. 

1  This  hole  was  pnt  down  to  a  depth  of  1000  feet.  :  It  fchows  18fi  feet  of  Coal  Meaenre 
strata  In  which  there  la  a  noticeable  aoBeuce  of  all  the  ooale  below  the  Macon  City  bed . 
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The  limestone  (No.  2)  of  this  section  is  evidently  the 
Ardmore  limestone,  while  the  coal  and  interbedded  shales  below 
represent  the  Lower  Ardmore  coal.  The  base  of  the  section 
is  at  the  surface  of  low  water  in  East  fork. 

Just  above  this  locality  the  Bevier  coal  is  worked  at  Wal- 
ter's bank.  Its  altitude  is  here  755  feet,  showing  that  it  comes 
in  immediately  above  the  preceding  section.  It  is  here  four 
feet  thick  and  is  overlain  by  sandy  shales. 

At  the  Ardmore  bridge  over  East  fork,  black  shales,  said 
to  be  underlain  by  coal,  appear  in  the  bed  of  the  stream 
McOee^  gives  the  following  section  from  this  locality  : 

Section  VII. 
Ardmobb  Bridge  Section. 

FT.   IN. 

1.  Drift 10 

2.  Limestone,  heavy ^  bedded  in  diaconiinuous  ledges^  generally  pure 

hut  eomeHmes  magnesian 4 

3.  Shale,  thinly  and  smoothly  laminated^  wiih  ovoid  nodules 6 

4.  Coal  (  Lower  Ardmore  Bed ) ....«      1     6 

l>.     Fire-clay,  light  hlue^  extending  to  bottom  of  channel 3 

This  coal  probably  represents  the  upper  bed,  No.  5,  of  Sec- 
tion YI.  The  thickness  of  the  limestone.  No.  2,  is  accepted 
with  doubt. 

At  the  railway  cut  three-fourths  of  a  mile  south  of  Ard- 
more, a  ten-inch  layer  of  limestone,  underlain  by  10  feet  of 
olay  shales  filled  with  iron  nodules,  is  seen.  The  Bevier  coal 
comes  in  several  feet  above  this.  Farther  on  tumbled  masses 
of  limestone  appear  at  the  side  of  the  track,  apparently  derived 
from  the  Ardmore  limestone. 

On  the  road  to  Excello,  the  Lagonda  sandstones  and  shales 
appear  in  the  hillsides  at  several  places.  South  of  Ardmore 
the  Bevier  coal  has  been  drifted  into  at  numerous  points  along 
both  sides  of  the  stream.  Most  of  these  localities  are  indicated 
upon  the  map,  and  need  not  be  described  here. 

On  Beecher  creek  the  Bevier  bed  appears  in  the  bed  of 
the  creek,  in  the  following  section  : 

1  TraoB  St.  Louis  Acad.  Sol.,  Vol.  V.,  p.  888. 


24  BBPOBT  ON  THB  BBYIBB  SHBBT. 

Section  VIII  (No.  6  of  Section  sheet). 

Bkbcher  Crkek  Section  (N.  B.  \  N.  B.  },  8sc.  2). 

AUUude  ai  top  of  aedion  about  790  A.  T,   Interval  to  top  ofLotoer  Coal  Mea»ur» 

about  16  ft, 

FT.    IN. 

1.  Shales,  aatu^y.    Bxpofled 3 

2.  Coal 9  fnore  or  Usa  broken  and  disturbed;    with  included  clay 

maaaea;  eonapicuoualjf  aliekenaidei  and  containing  pyntiferoua 

maaaea  filled  toUh  wood  impreaaiona 4      & 

3.  Concealed  (about) 4 

4.  JjXmestone,  nodular  with  foaaila,    Bxposed 2 

6.    Shales,  aandp.    Bxposed 2 

Total  thickness 15     6 

It  is  noticeable  that  the  altitude  of  the  coal  is  here  con- 
siderably |2n*^ater  than  at  Ardmore. 

About  two  miles  southeast  of  this,  in  the  N.  E.  i  Sec.  6,  the 
Lower  Ardmore  coal  appears  somewhat  above  the  level  of  the 
East  fork ;  it  is  here  18  inches  thick.  About  three-quarters  of 
a  mile  southwest  is  an  abandoned  drift  on  the  same  horizon. 

In  the  southeastern  corner  of  the  sheet,  at  J.  T.  Oooley's 
drift,  A.  Winslow  obtained  the  following  section  of  the  air-shaft : 

Section  IX. 
J.  T.  Coolky's  Drift  (S.  B.  J,  N.  B.  },  Sec.  5). 

Altitude  at  top  of  Shaft  about  756  ft,  A.  T, 

FT.    IN. 

1.  Soil 2 

2.  Limestone 1      6 

3.  Shale,  drab 16 

4.  Coal,  with  2-inch  parting  (Bevibr  Bed) 4 

Total  thickness 23      G 

About  a  mile  northeast  of  this,  a  well  at  775  ft.  A.  T. 
gave  the  following  section  : 

FT.   IN. 

1.  Soil. and  decompoBed  limestone 3 

2.  Shale,  blocks  fissile 5 

3.  Coal  (MaconCity  Bed) 1      6 

4.  Flie-clay  to  bottom  of  well 1      6 

Total  thickness 11 

This  last  section  was  taken  outside  the  limits  of  the  sheet, 
but  is  inserted  here  to  supplement  the  preceding. 

Middle  Fork  Sections. — In  the  upper  part  of  the  sheet  no 
exposures  were  observed  along  Middle  fork. 
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At  Bevier  the  coal  is  reached  at  from  50  to  160  feet,  accord- 
ing to  the  location  of  the  shaft.  The  general  character  of  the 
Lower  Goal  Measare  strata  here  may  be  seen  by  reference  to 
Section  II,  page  15. 

At  Loomis  and  Snively's  shaft  Ko.  4,  the  drill  was  pat 
down  21  feet  below  the  coal,  with  tha  following  results  : 

Section  X. 

Hecord  of  Loomis  and  Snivlby^s  Shafi*  No.  i  H  mile  east  of  depot ). 

Altitude  at  top  of  shaft  about  785  feet  A.  T, 

1.  Old  shaft ;  no  record,  coal  at  bottom,  with  i  inch  clay  seam   ft.  in. 

averaging  4  feet  in  thickness 52 

2.  Clay 1 

3.  JAmeBtone,  irreffular,  nodular 2      6 

4.  Shale,  graff^  argillaceous 2      6 

6.     Shale,  dark  gray,  harder  than  No,  4  ;  somewhat  laminaied 15 

Total  thickness 93 

Interval  to  base  of  Lower  Coal  Measures  about  110  feet. 

There  is  apparently  a  local  dip  here  to  the  west,  while  to- 
ward the  south  the  coal  rises  for  aboat  a  quarter  of  a  mile  and 
then  descends  again.    There  is  also  a  rise  toward  the  north. 

The  Black  Diamond  Goal  company's  shaft  Is  situated  about 
a  mile  and  a  half  southwest  of  Bevier,  and  is  connected  with 
the  Hannibal  &  St.  Joe  railway  by  a  switch.  The  books  of  the 
company  furnished  the  following  record : 

Section  XI  (No,  1  Section  sheet). 

Record  of  Black  Diamond  Shaft. 

Altitude  at  top  of  shaft  about  790  feet  A.  T,  FT.  IK. 

1 .  Soil,  black 2 

2.  Clay,  yellow 10 

3.  ddky^red  joint,  fiard 4 

4.  Q\2kY ,  very  hard,  dark  blue 5 

5.  Clay,  blu^,  softer 17 

Depth 38 

Lower  Coal  Measures. 

6.  Shale,  arenaceous 9 

7.  Sandstone,  hard,  yellow 2 

8.  Shale 10 

9.  Sandstone,  Aartf,  ii;At^  , 4 

10.  Coai  (Bevier  Bed) 4      7 

11.  Clay 10 

12.  Limestone,  hard  ( tump) 4      6 


« 


Total  thickness 72    11 

Interval  to  base  of  Lower  Coal  Measures  about  116  feet. 
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The  shaft  apparently  penetrates  the  hard  rookB  which 
ooDStitate  the  npper  strata  of  the  Lower  Coal  SCeasares. 

Following  is  a  tabnlated  list  of  the  minee  operating  the 
Bevier  coal  at  Bevier : 


BBTIKB   GOAL  H1NE8. 

1 

r 

Name  of  mine. 

Looatlon. 

3 
-"1 

■  s. 

II 

i  1 

Keroaika. 

Mo.  Kan.*  Tes  Coal  Co.: 

BW«NW*)i8M''iB 
NWKBKKSoo,  IB 
8K  'i  3W  ■;  8*0.  Ifl 

s 

lit 

78 
18 

m 

i 

71S 
71T 

a 

B 
7 

8haftNo.4B    

Loomli  A  SniTslj'  Coal  Oo. 

ShartNo^B  '.'.'.'."'.'.'.'['. 

Shaft  No.* ,...::...::; 

OakdalflCoal  Ck> 

Black    DlBiDDnd  Coal  and 

See  Sec. II,  p.  10 
See  Seo.  X,  p.  sS 

See  See,  XI.  p.  19 

Mr.  Thos.  Francis  reports  that  a  drilling  made  in  Mid- 
dle fork  bottoms,  abont  one  and  three-foarths  miles  west  ol 
Bevier,  showed  coal  to  be  absent.  The  altitade  of  the  bot- 
toms is  abont  736  or  740  feet  here.  The  horizon  of  the  coal 
is  from  10  to  20  feet  below  this.  As  the  thickness  of  the  alia- 
viam  will  probably  equal  this  amonnt,  the  absence  of  the  coal 
may  be  readily  attribated  to  erosion. 

At  Shacknicht's,  three  and  ooe-half  miles  south  and  half  a 
mile  west  of  Bevier,  a  shaft  reaches  the  coal  at  CO  feet  from 
the  surface,  where  the  altitade  is  about  795  feet. 

At  Terrell's  bank,  three-fourths  of  a  mile  west,  the  same 
seam  is  drifted  into  in  the  bank  of  the  creek  at  an  altitude  of 
740  feet.  One  and  a  quarter  miles  south  some  abandoned  ]{it8, 
at  an  altitude  755  A.  T.,  indicate  former  workings  in  this  bed. 

A  section  by  McG-ee.  on  the  Bevier  and  College  Moimd 
road,  which  was  evidently  taken  in  this  vicinity,  is  as  follows  : 

Section  XII. 
Claybask  Crbkk  Skctios— McGee.' 

FT. 

1.    Satiditone.  htavy  bedded,  aonutimn  inaoherent 4 

9.    ShiJe  or  clay,  areaaetoMt 1 

iTltDa.Bt.  LonliAoad    B<ii.  Vot.  V.  p.  321. 
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FT, 

3.  Coal  (Be\ibr  Bed) 5 

4.  Clay  and  Blope,  about 5 

6.    Limestone,  broum,  ferruginousj  dolomiiie 2 

6.  Limestone,  heavy  bedded,  with  eonchoidal  frcuture,  sometimes  argil' 

laceous,  with  shaly  partings 3 

7.  Shale,  light-blue,  rapidly  breaking  down  into  clay 11 

Total  thickness 31 

'^  It  is  noteworthy  that  in  the  half  or  three  quarters  of  a 
mile  of  more  or  less  imperfect  exposures  combined  in  this  sec- 
tion, there  is  a  westward  dip  amounting  to  not  less  than  30  or 
40  feet." 

Near  the  bridge  over  Clay  bank  creek,  about  three  miles 
northwest  of  College  Mound,  18  inches  of  coal  is  reported  on 
the  land  of  J.  D.  Baker.  He  has  tested  with  a  drill  below  this, 
passing  through  35  or  40  feet  of  argillaceous  shale,  becoming 
more  sandy  below,  but  found  no  coal.  The  exact  locality  was 
not  ascertained.  Sandy  shales  appear  in  the  bank  just  above 
the  bridge,  at  an  altitude  of  about  720  feet.  We  correlate 
Baker's  coal  with  the  Lower  Ardmore  bed.  At  two  points 
about  one-half  a  mile  east  of  this,  black  fissile  shales,  probably 
representing  those  overlying  the  above  coal,  were  observed 
at  the  edge  of  the  bottoms,  on  0.  Sherman's  land. 

At  Powell's  bank,  one  and  one-half  miles  east  of  this,  on  a 
branch  of  Claybank  creek,  the  Bevier  coal  is  exposed,  overlain 
by  10  feet  of  sandy  shales.  The  coal  shows  evidence  of  more 
or  less  disturbance  similar  to  that  on  Beecher's  creek  ( p.  24). 
G.  0.  Broadhead  visited  this  locality  in  1855,  and  gives  the 
following,  which  is  a  more  complete  section  than  could  be 
obtained  at  the  time  of  our  visit  :^  ' 

Section  XIII. 

Exposure  at  Powell's  Bakk  (S.E.^,  S.E.},  Sec.  15). 

After  Broadhead, 

FT.    IN. 

1.  Soil,  with  drift-days  underneath 

2.  Shales  and  sandstone,  brown  and  cream-colored;  micaeeotis 3 

3.  Shales,  dark,  bttuminousy  pyriiiferous,  contains  productus  aquieos^ 

tatus 2 

4.  Coal  (BevderBed) 6     9 

5.  Fire-clay,  a  few  inches 

6.  Limestone,  blue,  nodular^  in  bed  of  creek * 

1  Report  Mo.  Geological  Svoyvj,  1805-71,  p.  84. 
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About  three-fonrths  of  a  mile  soath  of  tbis  tbe  Beam  is 
reported  to  be  seven  feet  thick,  and  has  been  drifted  into  for 
local  ase  on  the  land  belonging  to  Goald  Richmond. 

The  next  exposare  of  the  Lower  Goal  Measure  strata  is 
at  Hein's  and  Hudson's  shaft,  about  four  and  one-half  miles 
southwest  of  Oollege  Mound.  Here  the  Bevier  coal Js  reached 
at  a  depth  of  12  or  15  feet. 

About  a  mile  and  one-half  southwest,  at  Beard's  drift,  the 
same  bed  outcrops  at  about  725  feet  A.  T.  It  is  here  six 
feet  thick,  with  a  13-inch  dirt  seam.  This  drift  is  situated 
within  a  small  ravine,  opening  into  Middle  fork  bottoms. 
About  1000  feet  southwest  the  following  section  was  meas- 
ured by  Mr.  0.  F.  Marbut  in  the  bank  of  the  creek : 

Section  XIV. 
Im  East  Bank  of  Middlk  Fork  (  S.E.},  N.  W.},  Sec.  18). 

AUHude  top  of  section  about  705  ft.     Interval  to  top  of  Lower  Coal  Measures 

about  55  ft, 

FT. 

1.    Limestone,  thicknesB  not  seen. 

S.    Shale,  black,  fiaaile 4 

3.     CIbj,  black,  carbonaoeoua 4 

This  section  evidently  represents  the  horizon  of  the  Lower 
Ardmore  coal.  About  half  a  mile  northwest  of  this  locality  four 
feet  of  coal  is  reported  by  Mr.  Marbut,  at  the  horizon  occu- 
pied by  No.  3  in  the  above  section.  About  a  mile  south  of 
Beard's  drift,  coal  has  been  drifted  into  at  an  elevation  of  about 
720  feet.  A  section  measured  here  by  Mr.  A.  Winslow  ^  shows 
the  following  succession  : 

Section  X  V. 
Outcrop  northeast  of  Thomas  Hill  . 

FT.         IX. 

1 .  Shale,  arenaceouM 10 

2.  Coal 3  6 

3.  Clay  and  flhale  parting 2  to  6 

4.  Coal 1  6 

5.  Clay 4  to  5 

Total  thickness 10  6 

At  Thomas  Hill  an  instructive  exposure  of  the  Lower  Coal 
Measures  is  seen  in  the  record  of  Milman's  shaft  (p.  17). 

The  Lower  Coal  Measures  do  not  appear  at  the  surface 
west  of  Middle  fork  within  the  limits  of  the  sheet,  except  at 

1  Preliminary  B«port  on  Coal,  Mo.  Geological  Snryey,  1S91,  p.  69. 
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Hammack's  milU  and  near  Lagonda,  where  sandstones  and 
shales  appear  in  the  strike  of  the  College  Monnd  axis. 

A  shaft  pnt  down  at  New  Cambria  showed  68  feet  of  sand- 
stone and  shales  at  this  horizon,  underlain  by  one  foot  of  coal. 
Then  40  feet  of  rock  was  passed  through,  followed  by  a  4-inch 
discontinnons  seam  of  coal.  From  this  point  a  drill-hole  was 
pat  down  88  feet,  reaching  a  hard  rock  at  296  feet  from  the 
snrface,  and  the  work  was  stopped  after  penetrating  this  rock 
a  distance  of  14  feet. 

THE    MIDDLE  GOAL  MEASURES. 

East  of  Middle  fork,  the  rocks  of  the  Middle  Coal  Meas- 
ures are  at  higher  levels  excepting  near  the  northern  and  soath- 
ern  limits,  as  will  appear  farther  on.  West  of  Middle  fork,  these 
rocks  extend  over  nearly  the  whole  area,  excepting  the  river 
bottoms,  though  they  are,  for  the  most  part,  concealed  from  view 
by  a  heavy  capping  of  drift.  They  originally  extended  over  the 
whole  sheet,  but  have  lost  much  by  the  erosion  of  the  streams 
and  their  tributaries,  bringing  to  view  the  rocks  below.  The 
importance  of  this  division  is  enhanced  by  the  fact  that  it  con- 
tains the  second  and  only  remaining  productive  coal  bed  within 
the  district.  This  division  of  the  Coal  Measures  is  repre- 
sented here  by  from  30  to  40  feet  of  shale  and  limestone,  with 
two  beds  of  coal. 

Macon  City  Coal, — This  coal  lies  from  three  to  five  feet 
above  the  top  of  the  Lower  Coal  Measures,  from  which  it  is 
separated  by  that  thickness  of  clay.  It  is  mined  to  some 
extent  at  Macon  City  and  also  along  the  Chariton  river.  It  is 
characterized  by  a  capping  of  shale  and  limestone  as  follows : 

Limestone,  hard,  blue 3to4  feet 

Shales,  ftiacA,  fisaiU 2}  '»  6  " 

Coal 1}**3  '« 

Usually  the  coal  is  from  18  to  22  inches  thick.  The  over- 
lying shale  generally  contains  nodular  concretions  varying  from 
6  to  20  inches  in  diameter.  A  part  of  the  fissile  shale  is  some- 
times replaced  by  clay  or  soft  argillaceous  shale.  The  lime- 
stone is  especially  characterized  by  its  hardness  and  ability  to 
resist  erosion.  Hence  it  is  frequently  seen  projecting  from 
the  hillsides  in  massive  ledges.    It  is  quite  highly  fossiliferous, 

1  The  Motion  at  Hammaok'i  Mill  is  glyen  on  page  18.    See,  alio,  No.  7  of  Section 
sheet. 
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as  are  also  some  parts  of  the  anderlying  shale.  Owing  to  the 
hardness  of  the  rock,  however,  fossils  are  not  easUy  obtained 
from  the  limestone.  The  characteristics  of  the  Macon  Oity 
coal  and  its  associated  beds  are  so  constant  as  to  make  these 
strata  especially  valaable  for  purposes  of  correlation. 

We  have  traced  these  rocks  westward  as  far  as  Wakenda 
station,  on  the  Wabash  railway,  where  they  present  almost 
identically  the  same  appearance  as  in  Macon  county.  The  bed 
at  Wakenda  has  been  identified  as  the  Molky  bed  of  Lafoyette 
county.^ 

Summit  Coal. — This  is  the  highest  coal  seen,  and  is  sepa- 
rated from  the  limestone  overlying  the  Macon  Oity  bed  by  from 
15  to  20  feet  of  sandy  and  argillaceous  shales  and  clays.  These 
shales  seldom  become  sufficiently  indurated  to  be  termed 
sandstones.  The  thickness  of  the  coal  is  seldom  more  than  a 
foot.    The  following  is  the  characteristic  succession  of  strata : 

Limestone,  hard,  blue 1  to  2}  feet. 

Shale,  black,  flasile 2  to  3      * ' 

Coal 10  to  13  inches. 

It  will  be  noted  that  we  have  here  a  recurrence  of  con- 
ditions similar  to  those  under  which  the  Macon  Oity  coal  is 
found,  and  it  is  frequently  the  case  that,  in  isolated  expos- 
ures, no  distinction  can  be  made  between  these  beds.  Sandy 
shale  overlies  the  Summit  limestone,  succeeded  upward  by 
limestones,  though  these  latter  were  not  observed  within  the 
limits  of  the  sheet. 

In  addition  to  the  representation  of  these  rocks  shown  in 
the  preceding  typical  sections,  the  following  sections  of  Middle 
Coal  Measure  rocks  are  given : 

East  Fork  Sections, — At  the  Macon  Be vier  bridge,  three 
miles  east  of  Bevier,  limestone  and  shale  appear  in  the  west 
bank  of  the  stream.  McGee  gives  the  following  section  from 
this  place,  which  is  somewhat  fuller  than  the  one  we  were  able 
to  obtain  : 

iBroadhead.^Report  of  1672,  page  60.  The  Bection  given  by  Broadhead  in  this 
report  ocean  at  Uardwlck'B  mill.  At  a  point  near  the  bridge,  north  of  the  station, 
the  limestoneB  and  shales  of  two  coal  horizons  appear  in  the  blnffs.  The  lower  coal 
occurs  a  short  distance  above  a  massive  sandstone  ( which  is  quarried  to  some  extent 
here),  and  presents  thensnal  appearance  of  the  Macon  City  coal.  It  can  be  traced 
westward  along  the  blafTs  to'Hardwiclc's  mill.  Between  these  points  it  shows  a  decided 
westward  inclination.  The  sandstone  seen  below  is  apparently  the  stratigraphical 
equivalent  of  that  quarried  a  few  miles  east,  at  White  Rock.  * 
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Section  XVI  (MoQee). 

FT 

At  Macon-Bbvirr  Bridob  (8.  W.  i  N.  W.  ^  Sec.  18 ). 
AUiiude  at  top  of  aeeHon  about  765  feet  A .  7*. 
Interval  to  top  of  Middle  Coal  Measures  about  160  feet. 

1.  Limestone,  compact,  generally  pure,  but  sometimes  slightly  mag- 
ncsian,  containing  no  good  fossils j  but  occasional  traces  of  shells. 

In  one  or  two  heavy  ledges 3 

S.     S\i9Xe,  ihmly  laminated,  black,  fissile 3 

3.  Slope,  about 15 

4.  Limestone,  irregularly  bedded,  knobby,  with  abundant  Producti, .  2 

5.  Slope  to  bottom  of  channel 1 

Total  thickness .•.. 24 

Interval  to  base  of  Middle  Coal  Measures  about  16  feet. 

We  would  correlate  this  section  with  ^os.  11  to  16  of  the 
Eareka  shaft  ( See  p.  14. ).  The  shales  shown  here  ( "So.  2 ) 
appear  in  the  bank  jast  south  of  the  railway  bridge,  while 
still  farther  down  the  stream  the  limestone  ( No.  4 )  appears  at 
the  water's  edge.  About  half  a  mile  southwest  of  the  railway 
bridge  the  following  section  appears  in  a  ravine : 

Section  XVIL 

Onb-half  Milb  Southwbst  op  H.  &  St.  Job   Railway  Bridgb  Oybr 

East  Fork. 

FT.     IN. 

1.  Concealed 

2.  Shales,  o/tv««  c/a^ey 2      6 

3.  Limestone,  Aarc^,  6^tie 2     6 

4.  Shale,  black,  fissile 3 

6.  Coal  (Summit  Bbd?  ) 1 

6.  Clay 3+ 

Total  thickness 12 

The  altitude  of  the  coal  is  here  about  760  ft.  A.  T. 
As  indicated,  we  correlate  the  coal  of  this  section  with 
the  Summit  bed,  though  somewhat  doubtfully,  as  the  facts 
seem  equally  to  warrant  its  correlation  with  the  Macon  Oity 
bed.  The  distance,  in  a  direct  line,  between  the  Eureka  shaft 
and  No.  46  (see  pp.  14  to  16),  is  about  one  and  three-quarters  miles. 
The  above  section  was  taken  at  a  point  about  midway  between 
them.  At  the  Eureka  shaft  the  Summit  coal  occurs  at  about 
772  ft.  A.  T.,  while  at  No.  46  it  is  33  feet  lower.  If  the  descent 
be  uniform,  this  would  place  the  coal  of  the  above  bridge  sec- 
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tion  at  about  756  feet,  which  seems  safficiently  close  to  Our 
figures  to  justify  the  correlation  made. 

At  the  road  bridge  over  East  fork,  about  three-quarters 
of  a  mile  south  of  the  Eureka  shaft,  the  following  section  was 
measured : 

Section  XVIII. 

At  Macon-Colleob  Mound  Bridge  (  N.  E.  }  S.  £.  i  Sec.  19). 

AliUude  about  750  ft.  A,  T,  FT. 

1.  Concealed 

2.  OhhleSy  sandy,  bu^'colored 3 

3.  LimeBtone ,  hardy  blue,  breaks  with  eonehoidal  fracture 3 

4.  QhaXe,  blacky  fissile 4 

6.    Coal  (  Macon  City  Bbd  ) ? 

Total  thickness 10+ 

The  coal  has  been  drifted  into  here,  but  the  opening  has 
been  abandoned.  We  correlate  this  coal  with  the  Macon  Oity 
bed,  a  better  section  of  which  is  exposed  along  the  banks  of 
Patton  creek«  about  a  mile  and  a  half  southeast  of  this  local- 
ity.  The  latter  exposure  is  located  just  outside  the  limits  of 
the  sheet,  but  we  insert  the  section  here,  since  it  represents 
the  best  exposure  of  these  rocks  observed. 

Section  XIX. 
Lower  Patton  Creek  Section. 

FT.     IN. 

1.  Concealed 

2.  Limestone,  hard^  blue,  usually  in  a  single  massive  ledge  ;  sometimes 

shows  discontinuous  lines  of  stratification 3 

3 .  Clay,  buff",  varying  to  argillaceous  nhale 6 

4.  Shale,  black,  fissile;  contains  nodular  concretions  fi\)m  10  to  20  inches 

in  diameter;  nodule  frequently  cross-fractured  and  spaces  filled 
with  calciie;  a  pyritiferous  layer  filled  with  fossils  occurs  at  the 
base 5 

5.  Coal  (Macon  City  Bed) 1       8 

6.  Clay 


Total  thlckneBB 10       2 

Nos.  3  and  4  were  observed  to  vary  locally.  The  coal  has 
been  drifted  into  quite  extensively  all  along  the  creek.  About 
half  a  mile  above,  the  limestone  (No.  2)  lies  in  the  bed  of  the 
creek.  Its  surface  is  rough  and  nodular.  Here  the  following 
section  was  taken : 
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Section  XX. 
Uppbr  Pattom  Cbbek  Section. 

FT.  IN. 

1.  Concealed 2 

2.  LimestODe,  hard^  blue^  in  a  aingU  ledge^  exposed 1 

3.  CiKYt  reddish 6 

4.  Black  smut  (  Summit  Goal-bed). 

5.  Clay,  more  or  Usb  iron-stained^  and  variegated  in  light  huff  and  yellow 

colors 4      6 

6.  Shale  or  clay,  blue^  argUlaeeous;  a  S'ineh  pyritiferous  stnitum^  filled 

wUh  fossil  shells  at  base 10 

7.  Limestone,  hard  blue^  nodular ,  in  creek  bed. 

Total  thickness 18+ 

The  identity  of  limestone  "So.  2  of  section  XIX,  and  No.  7 
of  section  XX,  is  shown  by  interveninfi:  exposares.  It  is  notice- 
bale  that  the  difference  of  altitade  between  the  two  points  is  20 
feet,  showing  that  amoant  of  westward  inclination. 

A  section,  representing  "Sob.  19  and  20  combined,  is  given 
by  G.  C.  Broadhead,^  who  visited  this  locality  over  thirty  years 
ago. 

We  reprodace  the  section  here,  as  it  corroborates  and  sap- 
plements  the  above,  besides  bearing  testimony  to  the  accuracy 
of  the  work  done  by  that  indefatigable  worker : 

Section  XXL 
Section, ON  Patton  Crbbk. 

After  Broadhead. 

FT.    IN. 

1 .  Limestone 1       6 

2.  Shale,  bituminous 1        3 

3.  Qodi\f  observed  at  Fox*  shank  in  section  $S 1        1 

4.  Slope,  showing  clays  and  shales  from  6  to  10  feet 8 

5.  Shale,  drab,  inclining  to  olive;  argUlaeeotis '5 

6 .  Limestone,  bluish  drab  ;  weathering  to  brownish 3 

7.  Shales  or  clay.  buff. 6 

8.  ShsAes,  olive  at  top^  dark  blue  at  bottom 1        1 

9.  Shales,  bituminous^  containing  at  the  lower  part  a  local  bed  of 

pyritiferous  shales  containing  many  fossils,  viz.:  Produciua 
muricatus^  P,  cequircostatusj  Macrocheilus^  SeUnomya,  Orbieu- 
loidea,  Chonetes  SmUhi,  Teniopteris. 

10.  Coal 1     10 

11.  Fire-clAji  bluish. 


Total  thickness 28       3 

1  Report  of  Qeologioal  SarrejlSSS-lSTl,  p.  81. 
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There  is  a  rise  of  the  strata  toward  the  sonth,  bringing 
the  Lower  Goal  Measures  to  the  sarface  at  Ardmore,  with  a 
corresponding  elevation  of  the  rocks  under  discussion.  The 
limestone  and  shale  above  the  Macon  Oity  coal  is,  therefore, 
frequently  seen  projecting  from  the  higher  slopes,  and  some- 
times also  the  coal  appears  underneath  as  a  black  streak.  At 
Ardmore  the  Macon  Oity  coal  and  overlying  rocks  appear  at  a 
stripping  just  below  the  air-shaft  of  !No.  26.  Farther. south 
sections  representing  this  coal  were  taken  at  several  places  east 
of  East  fork,  most  of  which,  however,  lie  outside  the  limits  of 
the  sheet. 

Middle  Fork  Sections, — With  the  exception  of  the  general 
sections  at  Bevier  and  Thomas  Hill,  no  detailed  sections  of  the 
Middle  Goal  Measures  were  obtained  along  Middle  fork.  The 
projecting  ledges  of  limestone  at  numerous  localities,  however, 
give  ample  evidence  of  its  presence.  Toward  the  north  they 
are  much  less  conspicuous  by  reason  of  a  heavy  capping  of  drift 
and,  doubtless,  because  they  have  been  somewhat  eroded.'  A 
southward  dip  carries  the  Lower  Goal  Measures  below  the 
level  of  the  bottoms  north  of  Thomas  Hill,  and  the  limestoote 
of  the  Middle  division  is  to  be  seen  projecting  from  the  slopes 
adjacent  to  the  stream. 

Chariton  River  Sections. — A  few  important  sections  were 
obtained  in  the  limited  area  west  of  the  Chariton.  About  two 
miles  north  of  Hammack's  mill  the  Macon  City  coal  has  been 
drifted  into  and  stripped  at  several  localities.  It  is  here  about 
20  feet  above  the  level  of  the  bottoms.  The  following  section 
was  taken  in  this  vicinity : 

Section  XXII, 

Two  MiLBS  North  of  Hammack's  Mill. 
Altitude  at  base  of  section  about  715  feet  A .  T. 

FT.   IN. 

1 .  Concealed 

2 .  Sandy  and  clay  Bhales , 

3.  Concealed 4 

4 .  Shale,  blacky  fissiU 3 

5.  Sha,\e^  blue ^  argillaceous. 3        6 

0.  Coal  (Macon  City  Bkd),  probably  slid  out  of  place. 1       6 


Total  thickness 12 

Interval  to  top  of  Lower  Coal  Measures  about  5  feet. 
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A  section  evidently  representing  rocks  not  for  above  this 
horizon  is  given  by  Broadhead  ^  from  this  vicinity,  though  we 
were  anable  to  determine  the  locality.  The  coal  No.  7  is  pro- 
bably the  Summit  bed : 

Section  XXIIL 

Northwest  of  Hammack's  Mill— ^ee.  18 ^  T,  57N.,  16  W, 

After  Broadhead, 

FT. 

1 .  LimeBtODe,  bluish  gray 1 

2.  Shales,  sandy  unth  brown  and  gray  calcareous  sandstone,  slightly 

micaceous ;  Bome  beds  very  hard,  siem  indurated 12 

3.  L\me%tone,  bluish  drab  J  weathers  to  broum 1 

4.  Shales,  bituminous 3 

5.  Shales,  drab 2 

6.  ClAy,  blue,  and  shales 1 

7.  Coal 1 

8.  Slope  with  clay  at  bottom 9 

9.  Limestone,  blue,  concretionary  below  the  clay 

Total  thickness 30 

According  to  the  record  of  a  shaft  at  Kew  Oambria  2}  feet 
of  coal,  overlain  by  shale,  appears  at  the  horizon  of  the  Macon 
Oity  coal.  A  combined  shaft  and  drill-hole  at  Lagonda,  obtained 
by  Mr.  0.  F.  Marbut,  famished  the  following  record : 

Section  XXIV  (No.  8  of  Section  sheet). 

Lagonda  Section  ( \  mile  southwest  of  store). 

Altitude  at  top  of  section  about  720  feet  A.  T.    Interval  to  top  of  Middle    Coal 

Measure  about  150  feel. 

FT.  nr. 

1 .  Clay ,  yellow  above,  blue  and  sandy  below 14 

2.  Limestone 3 

3.  ^\i9,\e,  blacky  fissile 6      6 

4.  Coal  (  Summit  Bed  ) 1     1 

5.  Clay 6 

«.  Shale,  ftiittaA-tJAife 18 

7.  Limestone,  hard 8 

8.  Shale  and  coal  (  Macon  City  Bed  ) 4 

Total  thickness , 49     1 

Interval  to  top  of  Lower  Coal  MeaBures  about  6  feet. 

Owing  to  the  imperfect  results  yielded  by  the  drill,  no  dis- 
tinction was  made  between  the  shale  and  co»l  of  No.  8,  bat  it  is 
probable  that  nearly  all  of  it  was  shale. 

1  Report  Geological  Surrey  186fr-]8n,  p.  79. 
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At  the  Fishtrap  feiry,  one  and  three-foarths  miles  sonth^ 
and  half  a  mile  east  of  Lagonda,  coal  appears  in  the  bank  of  the 
stream  jast  above  low- water  mark.  It  is  mined  a  little  for  local 
nse. 

Section  XXV. 

At  Fishtrap  Fbrry  nbar  Laoomda- 
AUiiude  of  coal  about  665  feet  A  •  T. 

FT.  IN. 

1.  ShKle,  blue  J  argillaeeoua  J  beeoming  darker  below 6 

2.  Shale,  blacky  elig/Uly  fiesUe 3 

3.  Coal 1     6 

5.  Shale a 

6.  Coal 1 

Total  thioknesB 12 

Interval  to  top  of  Lower  Coal  Measares  about  6  feet. 

The  thickness  of  the  coal,  as  also  the  presence  of  the  shale^ 
parting,  is  given  on  the  authority  of  the  owner,  as  high  water 
covered  the  opening  at  the  time  of  oar  visit.  We  correlate 
this  with  the  Macon  City  coal.  The  presence  here  of  a  shalo 
parting,  as  also  the  thickness  of  the  overlying  shale,  is  excep- 
tional. As  exposed,  the  bed  shows  more  resemblance  to  the 
Bevier  coal  than  to  the  higher  seam.  We  are  led  to  make  the 
above  correlation,  however,  l^om  the  evidence  presented  by 
the  Lagonda  shaft,  where  the  Macon  Oity  coal  is  at  aboat  the 
same  horizon.  This  is  further  corroborated  by  an  outcrop  of 
limestone,  resembling  the  Macon  City  limestone,  at  the  bridge 
over  Puzzle  creek,  about  three- quarters  of  a  mile  west  of  the 
ferry.  The  limestone  crops  out  5  to  10  feet  above  the  horizon 
of  the  coal.  Half  a  mile  north  of  the  bridge  is  another  lime- 
stone outcrop,  25  feet  above  the  last,  which  probably  repre- 
sents that  overlying  the  Summit  coal. 
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THE  QUATERNARY  GEOLOGY. 
By  J.  £.  Todd,  Assistant  Qeologlst. 

The  region  covered  by  this  sheet  lies  wholly  within  the 
great  plain  of  the  extra-morainie  or  marginal  drift,  w  hich  ex- 
tends from  northeastern  Nebraska  to  southeastern  Illinois. 
Its  features  and  straetare  are  qaite  simple.  The  main  irrega- 
larities  are  the  result  of  more  recent  erosion  attendant  upon  its 
relation  to  the  branches  of  the  Ohariton  river.  As  it  is  near 
the  divide  between  the  tributaries  of  the  Mississippi  and  Mis- 
souri  rivers,  wider  areas  of  the  original  flat  surface  are  found 
than  farther  west.  For  the  same  reason,  more  of  it  lies  at  a 
high  level. 

2%e  Topography. — The  upland,  which  is  at  an  altitude  of 
about  850  feet,  is  quite  even  and  level.  Undulations  of  more 
than  five  feet  are  rare,  and  all  undulations  are  very  broad 
and  gentle.  As  one  goes  toward  the  streams,  in  some  places, 
the  even  surface  very  gradually  declines,  but  more  frequently 
there  is  a  well-defined  edge  whence  begins  an  abrupt  descent. 
The  former  occurs  most  often  when  following  an  elongated 
promontory  of  the  upland  which  projects  between  secondary 
valleys ;  the  latter  in  other  cases,  especially  when  approaching 
the  head  of  a  ravine  or  valley.  Sometimes  a  '^  flat,"  as  we  may 
call  a  separate  flat  area,  may  be  found  50  or  60  feet  below  the 
upland  level.  These  may  not  be  classed,  however,  as  terraces, 
because  they  seem  to  have  no  correspondence  to  each  other ; 
they  seem  rather  the  result  of  settling  and  sliding,  than  of  origi- 
nal deposition.  This  supposition  seems,  moreover,  to  be  borne 
out  by  their  structure. 

The  Chariton  river,  with  its  branches,  has  cut  valleys  125 
to  175  feet  deep  in  this  plain.  These  valleys  are  bordered  with 
low  bluffs  and,  along  the  main  stream,  are  sometimes  over  two 
miles  wide.  Traces  of  a  terrace  or  ^'  second  bottom  "  are  found 
lower  down  on  the  main  stream,  but  have  not  been  noticed  in 
the  region  described.  The ''  arborescent "  arrangement  of  the 
valleys  and  probable  erosion  from  a  plain  gently  sloping  to  the 
south  become  quite  evident  from  a  study  of  the  hypsometric 
map  on  page  6.  It  should  be  noted  in  this  connection  that 
but  one  shade  indicates  the  surface  between  700  and  800  feet. 
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In  short,  while  the  main  topographic  features  aie  the  work 
of  simple  erosion,  the  secondary  are  traceable  to  the  sliding 
and  creeping  of  the  clayey  deposits  resulting  from  the  atten- 
uation of  ridges,  and  the  consequent  effects  of  moisture  and 
gravity. 

The  bed  rock  of  the  region,  as  is  described  on  other 
pages,  is  of  Goal  Measure  age,  consisting  largely  of  clays, 
shales,  and  marly  limestones.  Its  surface  seems  to  have  been 
tolerably  even,  at  least  there  were  no  prominent  elevations. 
The  earthy  or  superficial  formations,  which  are  probably  all 
Quaternary,  arc,  ( 1 )  the  pre-glacial  or  basal  clay,  ( 2 )  the  drift, 
boulder  clay  or  till,  and  ( 3 )  the  gray  or  loamy  clay.  This  is  their 
chronologic  order.  The  distribution  of  these  is  shown  in  the 
opposite  page  plate. 

1.  The  Pre-glacial  or  Basal  Clay. — Under  the  drift  clay, 
which  is  perhaps  the  most  conspicuous  formation  of  the 
region,  there  has  been  observed  at  several  points  a  light  gray 
clay,  with  a  bluish  tinge  where  it  has  not  been  long  exposed. 
It  is  without  northern  pebbles ;  in  fact  may  well  be  described 
as  pebbleless.  In  color  and  texture  it  closely  resembles  the 
^^gray  loamy  clay"  (3 ).  It  is  not  very  often  seen.  It  is  gen- 
erally covered  by  the  drift  clay,  and,  when  exposed,  is  apt  to 
be  mistaken  for  rearranged  material  of  the  gray  loamy  clay. 
For  these  reasons  it  seems  not  to  have  been,  hitherto,  recog- 
nized. Even  now  we  could  wish  that  its  relations  were  more 
clearly  established. 

One  of  the  clearest  exposures  was  noted  at  the  foot  of  the 
railroad  grade  west  of  Macon,  in  the  ditch  on  the  north  side 
of  the  track.  There,  8  to  10  feet  of  it  are  seen  overlain  by 
pebbly  drift  clay,  2  to  4  feet  thick.  The  junction  between,  for 
a  rod  or  two,  is  distinct,  even  and  horizontal.  It  is  about  25 
feet  higher  than  the  top  of  Carboniferous  shale  exposed  in 
an  old  quarry  several  rods  northwestward.  The  base  of  the 
basal  clay  was  nowhere  observed,  nor  has  it  been  seen  very 
near  exposures  of  bed-rock ;  but,  from  the  facts  stated  above, 
it  is  estimated  to  be  sometimes  25  feet  thick.  'So  fossils  have 
been  found  in  it.  Less  instructive  exposures  of  this  forma- 
tion have  been  noted  in  similar  relations  east  of  Macon,  west 
of  Moberly  and  near  Higbee. 
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It  seems  not  improbable  that  *'  No.  3,  Blae  Olay,  hard," 
of  the  Bevier  section,  No.  II,  given  on  the  preceding  page  15, 
and  also  Nos.  4  land  5,  or  at  least  the  latter,  of  the  '^  Black 
Diamond  section,"  No.  XI  on  p.  25,  may  be  of  this  formation. 
Samples  of  these  sections  have  not  been  directly  examined. 

2.  2%tf  Drift  or  Till. — The  next  formation  in  order  is  an 
nnstratified,  pebbly  clay,  similar  to  that  largely  developed 
fJEirther  north.  Its  prevalent  color  is  a  yellowish  brown,  bnt  the 
yellow  is  asaally  more  decided  in  the  upper  portion  and  where 
it  has  been  exposed.  Lower  down  it  is  more  of  a  reddish 
tinge,  while  below,  especially  where  it  has  not  been  subject 
to  infiltration  of  sur&ce  waters,  it  is  of  bluish  (drab  or  even  of 
quite  dark  leaden  hue.  Moreover,  although  it  cannot  be  defi- 
nitely divided  into  different  members,  there  is  considerable 
difference  in  composition  and  texture  between  upper  and 
lower  portions.  Above  it  is  looser  and  usually  more  loamy, 
and  there  is  a  tendency  to  a  stratified  arrangement ;  below  it  is 
usually  more  clayey,  more  compact  and  more  stony,  especially 
near  the  base.  It  is  generally  divided  by  joints  into  irregular 
polygonal  masses,  hence  is  often  popularly  called  ^' joint  clay." 
Not  infrequently  these  joints  are  occupied  by  carbonate  of  lime, 
sometimes  in  sheets  which  have  been  found  i  inch  thick,  and 
sometimes  in  irregular  concretionary  nodules.  Sometimes  the 
joints  are  blackened  with  oxide  of  iron.  Along  the  upper 
boundary  of  the  blue  portions,  that  color  is  frequently  found 
to  obtain  in  the  interior  of  the  polygonal  masses  before  men- 
tioned, while  the  surface  of  the  same  is  tinged  buff  next  the 
joints. 

The  erratics  scattered  through  the  clay  are  mostly  of 
crystalline  rocks,  granites,  greenstones,  and  a  red  qnartzite, 
evidently  identical  with  the  Sioux  quartzite  of  southwestern 
Minnesota.  These  last  seem  not  to  be  distributed  much  farther 
east  than  this  area,  thoagh  they  are  found  as  far  south  as  sooth- 
eastern  Boone  county,  in  considerable  numbers.  Limestone 
boulders  are  occasionally  found,  but  they  do  not  clearly  belong 
to  the  local  strata.  In  fact,  we  find  few  or  no  local  boul- 
ders or  pebbles  in  the  drift  clay  except  near  its  base.  The 
erratics  are  frequently  planed  or  striated,  showing  that  they 
have  come  fresh  from  glacial  agencies ;  they  are  quite  evenly 
though  rather  sparsely  distributed  through  the  clay,  yet  boul- 
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ders  seem  generally  more  abundant  near  the  base,  less  so  at 
the  top,  and  quite  rare  in  the  body  of  the  formation.  Pebbles 
are  commonly  less  frequent  and  smaller  toward  the  top. 

This  formation  at  higher  levels  commonly  passes  into  the 
next  above  quite  abruptly:  i.  e.,  within  a  few  inches,  though 
not  with  a  distinct  line.  This  junction  is  usually  quite  hori- 
zontal, especially  on  the  upland.  At  lower  levels  the  junction 
between  these  formations  is  frequently  curved  and  inclined, 
usually  a  little  less  so  than  the  surface  above. 

The  thickness  of  the  drift  or  till,  undiminished  by  erosion, 
has  nowhere  been  directly  observed.  At  ^ew  Cambria  a  cut 
exposes  30  to  35  feet  of  it.  The  cuts  west  of  Macon  indicate  a 
thickness  of  about  30  feet.  The  sections  of  shafts  on  the  pre- 
ceding pages  may  possibly  indicate  a  little  greater  depth,  but 
the  deposits  mentioned  have  not  been  critically  identified. 

3.  The  Oray  Loamy  Clay, — This  is  the  surface  formation 
over  all  the  region  except  on  the  lower  portions  of  the  more 
abrupt  and  longer  slopes  where  the  drift  protrudes,  and  in  the 
bottom  of  the  valleys,  where  the  alluvial  deposits  prevail.  It 
is  commonly  of  a  light  gray  or  whitish  color.  It  is  a  plastic 
clay  intimately  mixed  with  fine  sand  and  containing  a  few  small 
well-worn  pebbles,  which  are  rarely  half  an  inch  in  diameter. 
Small  calcareous  concretions  sometimes  occur  in  it,  and  much 
more  frequently  small  black  ferruginous  shot-like  nodules, 
ranging  from  half  an  inch  down.  It  is  not  commonly  jointed. 
This  may  be  attributed  to  the  intimate  intermixture  of  fine 
sDicious  grains  with  the  clay.  It  is  quite  impervious  to  water. 
This  is  attested  by  the  frequent  use  of  simple  excavations  for 
cisterns  and  reservoirs. 

Commonly  ;no  distinct  traces  of  stratification  exist  in  it, 
but  sometimes  layers  several  inches  in  thickness  and  extend- 
ing several  rods  are  marked  by  the  greater  purity  of  the  clay, 
which  shows  by  its  darker  color  and  its  checking  in  dry- 
ing. Less  frequently  similar  patches  are  found  blackened  by 
the  occurrence  of  carbonaceous  grains  mingled  with  the  clay. 
Where  these  cases  have  been  observed,  they  have  been  sev- 
eral feet  below  the  top  of  the  formation,  showing  no  clear 
trace  of  an  old  surface,  and  gradually  passing  on  every  side 
into  the  typical  material  of  this  formation. 
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The  color  of  the  formation  in  very  nniformly  a  light  gray, 
bat  occasionally  it  is  blotched  with  yellowish  spots,  and  qaite 
rarely  the  whole  is  tinted  a  aniform  yellowish,  or  buff  color, 
like  loess.  It  never,  however,  presents  the  vertical  cleavage 
commonly  seen  in  that  formation,  nor  does  it  approach  it  in  its 
porosity,  nor  does  it  yield  as  readily  to  corrasion.  It  resembles 
closely  the  "white  clay"  of  Ohio,  Indiana  and  southern  Illinois, 
which  has  been  recently  studied  by  Mr.  Leverelt;^  it  is  called 
by  Mr.  McGee  in  his  "Notes  on  the  Geology  of  Macon  county,"^ 
**  Onmbo, "  or  "  upper  portion  of  Lower  Till. "  I  have  been 
unable,  after  visiting  some  of  the  localities  described  by  him  in- 
lowa,  to  see  good  reason  for  distinguishing  between  this  for- 
mation and  what  he  calls  "Upper  Till,"  which  he  correctly 
states,  in  part  at  least,  passes  laterally  into  loess. 

Typical  loess  has  not  been  observed  in  the  area  under  con- 
sideration. It  seems  not  improbable  that  the  gray  loamy  clay 
is  its  geological  equivalent,  for  the  following  reasons :  ( 1 )  It 
corresponds  in  altitude.  ( 2 )  It  has  a  very  similar  relation  to 
the  till.  (3)  They  seem  to  pass  into  one  another  not  far  from 
the  Missouri  and  Mississippi.  (4)  From  the  nature  of  the 
case,  it  seems  likely  that  a  flood  deposit  should  be  finer  and 
more  clayey  away  ft*om  the  main  water-ways,  and  that,  in  con- 
sequence of  the  greater  density  resulting,  iron  compounds 
should  be  less  oxidized,  if  not  in  fact  less  abundant.  Whether 
this  be  the  true  explanation,  or  whether  the  silicious  and  more 
loamy  character  of  the  loess  be  traceable  to  its  geographical 
relations  to  older  deposits,  has  not  been  carefully  weighed.  In 
either  case,  however,  it  seems  probable  that  this  formation  is 
the  equivalent  of  the  higher  loess.  This,  I  believe,  is  in  har- 
mony with  the  conclusions  of  the  older  Missouri  geologists. 

The  maximum  thickness  of  this  formation  is  estimated  not 
to  exceed  25  feet.  The  deepest  continuous  exposure  noted, 
near  Macon,  is  less  than  18  feet.  As  this  formation  is  upper- 
most, and  therefore  much  exposed,  it  has  become  nwich  atten- 
uated by  erosion. 

Illustrative  Sections My  colleague,  Prof.  G.  H.  Gordon, 

who  is  an  experienced  student  of  Quaternary  deposits,  as  well 
as  of  the  Carboniferous,  upon  which  he  is  especially  engaged, 

lAm.  Geolojcist,  Jnly,  1892. 

aTraoB.  St.  Loals  Acad.  Sol.,  Aug  24.  1888. 
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has  very  kindly  foTDished  me  with  some  additional  data  which 
form  an  important  sapplement  to  my  own  observations.  He 
reports  from  the  shaft  No.  46,  K.  &  T.  0.  Go,  on  high  groand 
near  Bevier,  the  following  section,  which  is  No.  2  of  the  sec- 
tion sheet: 

1.  Reddish  yellow  olay 20  feet 

2.  Red  clay,  similar  to  No.  1,  bat  harder 46  ** 

3.  Blaeclay,  hard 41  *« 

Total  of  surface  deposits 106  ' ' 

The  Black  Diamond  shaft  ( No.  1  of  section  sheet ),  and 
three  miles  west  of  the  above,  gave  the  following;  it  is  situ- 
ated in  a  ravine : 

1.  Black  soil 2  feet 

2.  Yellowclay 10  « 

3.  Red  Joint  clay 4  * 

4.  Dark- blue  clay,  very  hard 6  ' 

6.  Blue  olay,  softer 17  * 


Total  surface  deposits 38 

A  railroad  cnt,  just  east  of  Macon,  is  thus  described  by 
Prof.  Broadhead :  * 

^'  No.  1 .    6  Inches,  dark  soil. 

2.  1}  feet  dark  clay,  with  brownish  stains.    This  may  be  the  equiv- 

alent of  the  bluff. 

3.  5  feet  clay,  slightly  variegated,  mottled  brown  with  bluish  drab, 

weathers  to  light  yellowish  brown,  contains  a  few  rounded 
pebbles. 

4.  5  feet,  somewhat  like  No.  3,  but  of  deeper  brown,  more  Jointed, 

and  weathers  to  a  deeper  color. 
6.  12  feet  brown  jointed  clay,  dark  stains  on  Joints,  is  quite  com- 
pact, contains  many  rounded  pebbles,  also  white  calcareous 
concretions;  these  concretions  are  sometimes  found  in  flat 
perpendicular  sheets  like  dykes,  extending  upward  several 
feet,  and  of  2  inches  thickness ;  pebbles  are  found  adhering 
to  them ;  the  angle  of  excavation  is  about  45  degrees,  and 
the  action  of  frosts  causes  Nos.  3  and  4  to  laminate  parallel 
to  the  same." 

The  altitude  of  the  cut  is  not  given,  and  I  am  not  sure  that 
I  have  examined  the  same;  but  from  a  study  of  similar  ones 
farther  east,  and  especially  of  those  just  west  of  Macon,  I  do 
not  hesitate  to  say  that  Nos.  2  and  3  correspond  to  what  I  have 
called  gray  loamy  clay,  No.  2  being  simply  stained  with  humus 

iMo.  Oeol.  Bep.  1865-71,  p.  76. 
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from  the  Boil  above ;  also,  that  Nos.  4  and  5  are  equivalent  to 
drift  clay  as  defined  above. 

A.  combined  section  of  the  cats  on  the  grade  west  of  Ma- 
con,  extending  aboat  f  of  a  mile,  is  as  follows : 

Slope,  about 8  feet 

No.  1 .    Oray  clay,  with  soattering  small,  round,  white  quartz 

pebbles 16  •' 

No.  2.  Yellowish  pebbly  clay ;  pebbles  mostly  granite,  greenstone 
and  quartz,  more  numerous  and  larger  than  in  No.  1.  The 
top,  not  sharply  defined,  but  changes  in  a  foot  or  so,  shows  a 
nearly  level  line  for  several  rods 30  ' ' 

No.  3.  Yellowish  gray  day,  very  few  pebbles,  none  of  them  north- 
ern ;  resembles  No.  1.  Top  sharply  defined  and  level,  extend- 
ing for  more  than  a  rod,  about 10   *' 

Undetermined  to  top  of  Coal  Measure  shales  exposed  north,  about    12  *  * 

Thickness  of  loose  or  Quaternary  deposits 76   '* 

In  evidence  of  the  great  thickness  of  the  superficial  for- 
mations between  the  Chariton  river  and  Middle  fork,  Hon. 
S.  L.  Kasey  informs  us  that  the  drill-hole  on  the  ridge  at 
the  school-house,  half  a  mile  north  of  Kaseyville  postoffice, 
penetrated  65  feet  into  clay  without  reaching  the  bottom,  while 
in  the  drill-hole  half  a  mile  farther  north,  a  depth  of  over 
IQO  feet  was  reached,  the  upper  10  or  15  feet  passing  through 
yellow  clay,  while  the  lower  90  feet  was  in  blue  clay,  contain- 
ing fragments  of  wood  at  the  bottom. 

AlluvUim. — The  bottoms  of  the  valleys  of  Chariton  river. 
Middle  fork  and  East  fork  present  the  usual  features  of  flood- 
plains.  The  deposits  left  by  these  streams  form  fertile  flats 
covering  many  square  miles.  While  the  ever-shifting  streams 
have  produced  almost  all  possible  combiuations  of  the  various 
constituents,  loam,  gravel  and  sand,  and  stiff  clay  usually  of  a 
brownish  cast,  though  sometimes  blue,  the  common  arrange- 
ment, from  top  to  base,  is  as  follows: 

1.  Rich  black  loam,  sometimes  with  less  carbonaceous  matter  and  more 

of  clayey  material  from  adjacent  slopes. 

2.  Sand  and  gravel,  irresrularly  stratified  and  mixed  with  clay. 

3.  Brownish  or  yellowish  clay,  hard  and  somewhat  mixed  with  sand. 

We  may  look  upon  the  last  as  the  accumulations  resulting 
from  sliding  and  creeping  banks  shaped  and  somewhat  rear- 
ranged by  the  stream,  the  second  as  the  work  of  the  current, 
especially  in  freshets,  and  the  first  of  the  more  quiet  portions 
of  the  stream,  with  wash  from  the  bluffs  and  ravines. 
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The  depth  of  the  allnvial  deposits  is  estimated  at  from  15 
to  20  feet  along  the  larger  streams.  Prof.  Oordon  has  noted 
that  the  allavinm  not  only  covers  the  bottom  of  the  valleys, 
bat  ^' along  the  Chariton,  extends  ap  the  slopes  to  an  altitade 
of  40  or  50  feet  above  the  present  flood-plain,  and  constitutes 
an  important  feature  of  the  rich  lands  in  that  part  of  the  State." 

Economic  Notes. — The  allnvial  lands  form  the  richest  and 
most  lasting  of  the  region.  Moreover,  they  are  the  most 
easily  tilled,  excepting,  perhaps,  some  that  are  imperfectly 
drained.  Even  these  are  mostly  so  high  above  adjacent 
streams  as  to  be  permanently  drained  with  comparatively  slight 
expense.  Only  persistent  freshets  are  likely  to  inflict  serioas 
damage  after  sach  improvement. 

The  soils  of  the  drift  and  gray  clays  do  not  very  materially 
differ.  Besides,  on  all  slopes  below  the  highest  they  are  more 
or  less  intermingled.  The  middle  and  npper  slopes,  when  not 
too  steep,  are  reliable  and  fairly  prodactive.  The  sab-soils 
farnish  all  ingredients  desired  in  abundant  supply.  The  lowest 
slopes  are  not  only  broken  and  cumbered  with  stone  and  shales 
in  part,  but  are  to  some  slight  extent  poisoned  by  mineral 
waters  leaching  from  the  latter.  The  upland  flats,  underlain 
by  gray  clay,  though  probably  fairly  supplied  with  proper  min- 
eral ingredients,  suffer  from  troublesome  physical  difficulties. 
It  is  liable  to  drown  in  wet  years  and  bake  in  dry.  Mr.  McGee, 
in  his  paper  before  referred  to,  well  says :  "  The  superior  divi- 
sion gives  origin  to  soil  and  sub-soil  of  peculiar  tenacity  and  in- 
tractability, evidently  by  reason  of  the  finely  comminuted  con- 
dition of  its  materials  and  the  presence  of  a  small  percentage 
of  unoxidized  rock  debris,  and  the  consequent  tendency  to 
pack  closely  and  undergo  partial  cementation.  Unless  care- 
fully and  judiciously  tilled,  the  soil  is  prone  to  ^  drown '  in 
spring  and  ^bake'  in  summer,  especially  on  the  imperfectly 
drained  plains  forming  the  uplands ;  but  these  characteristics 
are  lost  in  a  measure  along  slopes  where  the  natural  drainage 
is  superior  and  the  sub-soil  is  leached  to  a  considerable  extent 
by  more  freely  percolating  waters.'^ 
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STRUCTURAL  GEOLOGY. 


Oeneral  iSfruofwre.— The  strno- 

tnre  of  tbe  region  is  extremel; 

simple.  Tbevarione  strata  all  lie 

coDformably  upon  each  other, 

and  withiD  short  distanoes  seem 

to  be  practically  horizoDtal.    At 

greater  distances,  however,  they 

are  seen  to  have  a  noticeable 

£  dip  to  the  Boathwest.    Besides 

,  this  general  iaclination,  there 

^  are  local  nndnlatious  and  varia- 

I  tions  that  will  appear  in  tbe 

^  study  of  the  accompanying  see- 

•  tions  and  map. 

^       College  Movnd  Anticline. — In 

<;  addition  to  these  local  nndola- 

^  tions  above  mentioned,  a  more 

5  general  axis  of  elevation  parallel 

with  the  strike  enters  the  district 

Z  soQtbeast  of  College  Monad  and 

I   leaves  it  near  the  northwestern 

"   corner  of  the   sheet.     To    the 

northeast  of  this  line  a  cousid- 

H   erable  dip  is  manifest,  as  may 

be  seen  by  a  comparison  of  the 

sections   of  the   Eureka  shaft. 

on  p.  14,  and  of  No.  40,  on  p. 

15.  Sonth  of  the  latter  the  dip 

is  reversed,  bringing  the  Lower 

Coal  Measures  well  up  on  the 


this 


to 


at 


Beecher  creek  (see  p.  24),  where 
the  elevation  of  the  Bevier  coal 
is  about  100  feet  higher  than  at 
No.  46.  The  distance  is  about 
nine  miles,   showing  a   rise   of 
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about  11  feet  per  mile.  Beyond  this  the  southwestward  in- 
clination is  resamed  to  Thomas  Hill,  where  he  same  seam  is 
found  165  feet  below  its  outcrop  on  Beecher  creek,  showing  a 
descent  of  about  18  feet  per  mile.^  This  structural  charac- 
teristic is  well  exhibited  in  the  section,  from  northeast  to 
southwest,  of  the  preceding  page. 

The  general  westward  inclination  of  the  strata  would  carry 
the  Lower  Goal  Measures  below  the  Chariton  river  bottoms, 
and  the  reappearance  of  the  Lagonda  sandstones  and  shales 
there  is  to  be  attributed  to  the  College  Mound  flexure. 

A  similar  reversal  of  dip  has  been  recognized  by  Broadhead 
in  Linn  county,  joining  Macon  on  the  west,  and  is  described 
as  follows  :^  ^^ Along  the  eastern  line  of  .the  county  the  dip  is 
northward  from  the  Hannibal  &  St.  Joe  railway  to  Kew  Boston, 
the  depression  amounting  to  170  feet  as  referred  to  the  stream. 
The  true  dip  may  be  about  60  feet  in  that  distance,  or  5  feet 
per  mile."  As  the  fall  of  the  river  is  only  about  4  feet  per  mile, 
it  is  probable  that  the  dip  has  been  underestimated  and  should 
be  considered  nearer  10  feet  per  mile.  South  of  the  railroad 
a  southward  and  westward  dip  is  recognized,  showing  that  an 
axis  bearing  northwest  comes  in  somewhere  in  the  vicinity  of 
Bucklin.  This  is  in  a  nearly  direct  line  with  the  College 
Mound  axis,  and  is  doubtless  an  extension  of  the  same  fold. 
The  outcrop  of  coal  along  the  line  of  this  fold  in  Macon  county 
shows  more  or  less  irregularity,  due  probably  to  the  disturb- 
ance attending  its  upheaval. 

The  sandstones  and  shales  separating  the  Macon  City  and 
Bevier  coals  increase  in  thickness  toward  the  west  and  south- 
west. This  deposit,  however,  is  subject  to  considerable  varia- 
tion both  in  character  and  thickness. 


ECONOMIC  GEOLOGY. 

In  the  Bevier  area,  coal  is  the  only  mineral  of  great  eco- 
nomic importance.  In  the  eastern  half  of  the  district  its  pro- 
duction constitutes  the  leading  industry,  while  the  western 
half  is  given  over  almost  entirely  to  agriculture.  Building 
stones,  clays  and  shales  are  of  comparatively  small  importance 
as  thus  far  determined. 

^  Owing  to  the  unall  yertioal  scale  oied  on  the  general  section  sheet,  this  stnic- 
tnral  characterlBtio  is  scarcely  apparent. 

a  Report  Geological  Sorrey  1878-1874,  p.  9G0. 
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COAL. 

Five  coal  seams  have  been  recognized  within  the  Bevier 
area,  four  of  which  are  coextensive  with  the  limits  of  the  sheet 
except  as  affected  by  erosion,  as  previously  explained.  All  of 
these  partake  more  or  less  of  the  undulations  affecting  the 
rooks  of  the  region.  Of  these  four  seams,  two  only — the 
Bevier  and  Macon  Oity  beds — are  susceptible  of  profitable 
working.  The  latter,  however,  is  not  of  sufficient  thickness 
to  give  it,  at  present,  commercial  importance  in  competition 
with  the  Bevier  bed,  which  furnishes  all  of  the  coal  now 
marketed  from  this  district. 

THE  BEVIER  BED. 

The  Bevier  coal  is  by  far  the  most  important  coal-bed  in  ' 
the  district,  if  not  in  the  State,  though  it  is  not  yet  recognized 
as  having  so  wide  a  geographic  distribution  as  do  some  of  the 
seams  higher  in  the  series.  It  is  named  from  the  town  where 
it  has  been  mined  extensively  for  years,  and  which  continues 
to  be  one  of  the  chief  coal  mining  towns  of  the  State.  This 
bed  is  also  worked  on  an  extensive  scale  at  Ardmore,  by  the 
Kansas  &  Texas  Goal  Company.  It  is  also  mined  for  local  use 
at  various  points  within  the  area  east  of  Middle  fork.  West 
of  Middle  fork  we  have  no  data  upon  which  to  base  an  opinion 
as  to  the  presence  and  thickness  of  this  bed,  except  that  in  a 
shaft  put  down  in  1872,  at  New  Cambria,  just  beyond  the 
northwestern  corner  of  the  sheet,  it  is  reported  absent.  A 
record  of  that  shaft  given  from  memory  by  Mr.  John  O.  Jones 
shows  2}  feet  of  coal  at  about  196  feet  from  the  surface,  and 
72  feet  below  this  is  another  bed  12  inches  thick,  while  40  feet 
still  lower  a  seam  4  inches  thick  on  one  side  but  thinning  out 
at  the  other  was  encountered.  The  altitude  at  the  top  of  the 
shaft  is  about  810  feet  A.  T.  This  shows  the  upper  coal  to  be, 
doubtless,  the  same  as  that  exposed  in  the  slopes  north  of 
Hammack's  mill,  which  we  have  correlated  with  the  Macon 
City  bed.  ( See  p.  18.)  Whether  the  bed  72  feet  below  this 
may  be  considered  the  equivalent  of  the  Bevier,  or  whether 
the  latter  is  absent  or  has  been  cut  out  here  by  a  roll  of  the 
overlying  sandstones  and  shales,  we  are  unable  to  say  from  the 
data  at  hand. 
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The  latter  may  be  the  trne  explanatioD,  thongh  the  west- 
ward thickening  of  the  Lagonda  sandstones  and  shales  might 
be  considered  an  argament  in  favor  of  the  former.  At  Lingo 
the  bed,  which  is  considered  the  equivalent  of  the  Bevier  coal, 
is  found  at  124  feet  from  the  surface  with  52  feet  of  shales  and 
sandstones,  but  no  coal,  above.  This  would  seem  to  indicate 
a  like  extensive  deposit  above  the  Bevier  coal,  with  a  rise,  and 
the  overlying  strata  removed  by  erosion  previous  to  the  deposit 
of  the  drift  mantle,  which  is  here  65  feet  thick.  The  same 
deposit  is  70  feet  thick  at  New  Oambria.  A  complete  section 
of  the  New  Cambria  shaft  would  aid  materially  in  the  settle- 
ment of  this  question. 

From  what  has  been  said  it  will  appear  that  the  presence 
or  absence  of  coal  in  paying  quantities  in  the  portion  of  the 
sheet  lying  between  Middle  fork  And  Chariton  rivers  cannot 
be  positively  afiSrmed;  we  venture  the  opinion,  however,  that, 
in  the  lower  two-thirds  of  this  area,  it  may  be  looked  for  with 
some  confidence.  Concerning  the  region  north  of  EAseyville 
considerable  uncertainty  exists  as  to  what  extent  the  seam  has 
suffered  by  elevation  and  erosion  beneath  the  drift.    (See  p.  44.) 

The  sections  of  the  preceding  pages  describe  the  most 
important  exposures  of  this  bed.  Its  limits  in  the  eastern 
portion  are  clearly  defined  upon  the  map,  and  along  this  strip 
indications  of  its  presence  are  numerous.  The  bed  thins  out 
east  of  the  sheet,  though  its  eastern  limit  has  not  been  defined 
as  yet.  It  is  frequently  diminished  in  thickness  by  '^  horse- 
backs," or  rolls  of  the  overlying  sandstones  and  shales.  In 
some  cases  the  descent  of  the  roof  cuts  out  the  coal  entirely, 
but  it  is  soon  found  setting  in  again  farther  on.  In  some  places 
the  sandstone  furnishes  a  good  roof,  but,  owing  to  its  frequent 
transitions  to  a  shaly  character,  it  is  more  or  less  treacherous 
and  requires  considerable  propping. 

Detailed  Sections. — The  following  sections  will  show  the 
detailed  character  of  the  bed  where  studied : 

Section  XXYI  (B  of  Section  sheet  J. 
Detailed  Skction  of  Bbvur  Coal  at  Eurkka  Shaft. 
Altitude  at  bMe  of  eoal  about  794  f^et^  A .  T,    LHatanoe  from  turfaee  76  feet, 

FT.   IN. 

1.  LimeBtone,  hard^  eompaet 2 

2.  Shale,  or  clay,  <<rad 4 

G— 5 
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FT.  IN. 

3.  Coal 1    1 

4.  Shale,  6^a€ife 1} 

5.  Coal   10 

6.  Clay,  drab , 1 

Total  tbioknesB  of  coal,  23  in. 

Section  A'A"  VII  (F  of  Section  sheet  J. 

Detailed  Section  of  Bevikr  Coal  at  Shaft  No.  42,  K.  &  T.  Coal  Co. 

(From  measarementa of  A.  WIdbIow.) 
Altitude  at  base  of  coal  about  7Z7  ft.  A,  T,     Distance  fron  surface  118  ft, 

FT.    IN. 

1 .  Shale,  drab 8 

2.  Shale,  whUe^  sandy 5 

3.  Coal,  hard ,  toUh  thin  pyriie  films 3    1 

4 .  Shale,  parting 1} 

5.  Coal 1  1 

6.  Clay.. 1  4 

7.  SaDdBtone 1  8 

8.  Clay,  «o/^ 

Total  thlckneeB  of  co&l,  4  ft.  2  Id. 

The  presence  of  a  sandstone  below  the  coal  is  exceptional, 
this  being  the  only  case  in  which  it  has  been  recognized  at  this 
horizon. 

A  sample  of  coal  from  this  shaft  was  collected  by  Mr. 
Winslow  from  part  of  a  freshly  loaded  market-car.  The  fol- 
lowing are  the  results  of  analysis : 

Analysis  of  Bkvier  Coal  Shaft  No.  42,  K.  &  T.  Coal  Co.  at  Bevier. 

(Anal.  No.  329,  Mo    Geol.  Sur.,  J.  D.  Robertson  Anal.) 

PER  CENT. 

Moisture 2. 60 

Volatile  hydro-carbon  and  sulphur 39. 15 

Fixed  carbon 48. G7 

Ash  and  sulphur 9.68 

Total 100  00 

Total  sulphur 2. 86 

Laboratory  Notesi  The  specimens  of  coal  have  a  bright  bituminous 
lustre  with  streaks  of  bitumen;  they  contain  much  calcite,  little  or  no 
sclenlte,  little  pyrlte,  but  much  melanterlte.  The  ash  is  of  a  dark,  brick- 
red  color.  The  coal  coked  in  the  porcelain  crucible,  but  the  coke  was 
weak  and  almost  lustreless. 


BOONOMIO  GEOLOGY.  51 

These  results  show  the  coal  to  be  high  in  ash,  but  mod- 
erate in  moisture  and  sulphur  contents.  It  is  distinctly  a  bitu* 
minous  coal,  with  a  sufficiently  high  percentage  of  volatile 
matter  to  class  it  as  a  gas  coal,  if  the  illuminating  power  is 
sufficient,  and  were  the  sulphur  contents  lower.  The  per- 
centage of  sulphur  is,  however,  as  low  as  that  of  coals  from 
Kansas  which  are  used  in  Kansas  Oity  for  the  manufacture  of 
gas.  The  results  reached  in  the  laboratory  are  adverse  to  the 
coaPs  being  suitable  for  the  manufacture  of  coke.  A.  w. 

Section  XXVIII  (Q  of  Section  sheet  J. 

Detailbd  Sbction  ok  Bevibr  Bbd  at  Driff  No.  26,  Ardmorb  (Old  May- 
field  drift). 

Altitude  at  base  of  coal  about  755  feet  A.  T, 

FT.   IN. 

1 .  Sbale,  sandy  ^  more  or  less  lithified  in  places 90 

2.  Coal 4  to  5 

3.  Clay 1 

4.  Limestone 3 

Total  thickness  of  coal  about  4}  feet. 

The  clay-seam  was  not  recognized  at  No.  26  where  this 
section  was  taken,  but  is  reported  as  present  elsewhere  about 
Ardmore.^ 

A  sample  of  coal  from  this  drift  was  collected  by  Mr. 
Winslow  from  several  mine  cars,  and  yielded  the  following 
results  on  analysis : 

Analysis  of  Bevier  Coal,  Drift  No.  26,  K.  &  T.  Coal  Co.  at  Ardmobb. 

(Anal.  No.  392,  Mo.  Geol.  Sur.,  J.  D.  Roberlton,  Anal.) 

PER  CKNT. 

Moisture 1 .  72 

Volatile  hydro-carbon  and  sulphur 43.19 

Fixed  carbon    45.74 

Ash  and  sulphur 9. 86 

Total 100.00 

Total  sulphur 4 . 36 

Laboratory  Notes  :  The  specimens  of  coal  have  a  bright  lustre,  but 
are  somewhat  sbaly ;  contain  much  pyrlte.  The  ash  is  of  a  dark  brick-red 
color.  The  coal  coked  in  the  porcelain  crucible,  but  the  pores  were  small 
and  the  coke  was  weak  and  had  a  dull  lustre. 

iNear  the  month  of  the  drift,  and  for  two  hundred  feet  in,  the  coal  is  capped  by 
black,  flBSlle,  bitmninons  shale,  12  to  18  inches  thick;  bat  anoh  la  fonnd  nowhere  elae  in 
the  mine.    A.  W. 
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This  analysis  shows  the  ooal  to  be  low  in  moisture,  neither 
low  nor  excessively  high  in  salphar,  bat  hifi^h  in  ash.  The  re- 
marks made  above,  concerning  the  value  of  the  coal  of  shaft 
No.  42  at  Bevier  for  gas  production  and  coke  manufEM^ture, 
will  apply  equally  well  here,  with  the  exception  that  the  per- 
centage of  sulphur  is  somewhat  excessive.  A.  w. 

Section  XXIX  (H  of  Section  sheet  J. 

Dktailid  Section  op  Bbvikr  Coal  at  Ck>OLBT'8  Drift  ( Boatheast  ooraer 

of  sheet ). 

AUUude ai  ba§e  of  eoal  about  745  ftti,  A.  T. 

FT.      IN. 

1.    Conoealed 

S.    Coal 8 

3.  Shale*  parting S 

4.  Coal 1 

Total  thlckoesB  of  ooal,  4  feet. 

Section  XXX  (I  of  Section  sheet). 
Dbtailkd  Section  of  Bbvebr  Coal  ( three  miles  west  of  Darksville). 

FT.     IN. 

1.    Shale,  orenaeeoiM 10 

5.  Coal 3       6 

3.  Clay  and  shale  parting 2to6 

4.  Coal 1       ft 

5.  Clay 

Total  thickness  of  coal,  5  feet. 

Section  XXXI  (J  of  Section  sheet  J. 
Detailed  Section  of  Bevier  Coal  at  Thomas  Hill  (  Milman's  shaft). 

Altitude  at  base  of  coal  about  625  feet^  A .  T, 

ft.     in. 

1.  ShBle  J  arenaceous 23        6 

2.  Shale,  6^cA; 6 

3.  Coal 2       6 

4.  Dirt ft 

5.  Coal 1       ft 

6.  Clay 1        ft 

7.  Limestone,  nodular 

Total  thickness  of  coal,  4  feet. 
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THE  MAOON  OITT  BED. 

While  the  mining  of  this  bed  cannot  at  present  be  made 
profitable  in  competition  with  the  thicker  deposit  below,  nev- 
ertheless it  may  yield  in  the  fatnre  a  large  amount  of  a  good 
quality  of  coal.  Near  the  western  limits  of  Maoon  Oity  it  is 
operated  to  some  extent  by  Fishbone  and  Link.  It  is  here  22 
inches  thick  and  70  feet  from  the  surface ;  horse  power  is  used 
for  hoisting.  It  has  been  drifted  on  quite  extensively  along 
Fatten  creek,  about  one  mile  and  a  half  south.  At  Eureka 
«haft  it  is  18  inches  thick,  which  is  about  its  normal  thickness. 
At  shaft  No.  46 ,  K.  &  T.  Goal  Oo.,  however,  it  is  two  feet  thick 
and  it  would  probably  pay  to  work  were  it  not  for  the  presence 
of  the  thicker  bed  below.  Outcrops  of  the  limestone  above 
this  coal  are  numerous  along  both  sides  of  East  fork,  and  coal 
is  frequently  found  cropping  out  beneath  the  fissile  shales  un- 
derlying the  limestones.  At  the  north  the  exposures  are  adja- 
cent to  the  channel,  but  recede  somewhat  as  they  rise  in  the 
hills  toward  the  south.  At  Thomas  Hill  the  limestone  and 
shale  appear  a  few  feet  below  the  river  bottom,  but  the 
ooal  seems  to  be  absent  here.  Above  Thomas  Hill,  limestones 
appear  on  the  slopes  at  various  places,  some  of  which  may  be 
at  this  horizon  while  others  belong  to  that  of  the  Summit  coal. 
Sections  XX lY  and  XXY  show  this  coal  west  of  the  Ohariton. 
That  at  Fishtrap  is  reported  to  have  a  clay  seam  parting  six 
inches  thick,  though  this  has  not  been  recognized  elsewhere. 
This  coal  has  also  been  worked  locally  north  of  Hammack's 
mill.  The  position  of  this  coal  on  the  map  corresponds  very 
nearly  with  the  line  separating  the  Lower  from  the  Middle  Goal 
Measures.    ( See  detailed  section  B  of  Section  sheet.) 

THE  BUBEKA  BBD.^ 

The  Eureka  coal  bed  is  encountered  only  at  the  Eureka 
shaft,  west  of  Macon  City,  at  a  depth  of  165  feet.  The  section 
measured  here  is  as  follows : 

iFrom  noteB  of  Arthur  WIdbIow. 
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This  aDalysis  shows  the  ooal  to  be  low  in  moisture,  neither 
low  nor  excessively  high  in  snlphar,  bat  hifirh  in  ash.  The  re- 
marks made  above,  concerning  the  value  of  the  ooal  of  shaft 
No.  42  at  Bevier  for  gas  production  and  coke  manufEM^ture, 
will  apply  equally  well  here,  with  the  exception  that  the  per- 
centage of  sulphur  is  somewhat  excessive.  A.  w. 

Section  XXIX  (H  of  Section  sheet  J. 

DsTAiLiD  Skction  OF  BiviKR  CoAL  AT  Goolet's  Drift  ( Boatheast  corner 

of  sheet). 

AUUude  aiba§eof  coal  abotU  745  fut,  A.  T. 

FT.      IN. 

1.    Conoealed 

S.    Coal 8 

8.     Shale,  parting 9 

4.    Coal : 1 

Total  thlckoesB  of  ooal,  4  feet. 

Section  XXX  (I  of  Section  sheet). 
Dbtailkd  Section  of  Bbvdsr  Coal  ( three  miles  west  of  Darksvllle). 

FT.     IN. 

1.  Shale,  orena^eotM 10 

2.  Coal 8       6 

3.  Clay  and  shale  parting 2  to6 

4.  Coal 1       ft 

5.  Clay 

Total  thickness  of  coal,  5  feet. 

Section  XXXI  (J  of  Section  sheet  J. 
Detailed  Section  of  Bevier  Coal  at  Thomas  Hill  (  Milman's  shaft). 

Altitude  at  baas  of  coal  about  625  feet^  A .  T, 

ft.  in. 

1.  Shale,  aremie«ou« 23  6 

2.  Shale,  black 6 

3.  Coal 2  6 

4.  Dirt ft 

5.  Coal 1       ft 

6.  Clay 1       ft 

7.  Limestone,  nodular 

Total  thickness  of  coal,  4  feet. 
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THE  MAOON   OITT  BSD. 

While  the  mining  of  this  bed  cannot  at  present  be  made 
profitable  in  competition  with  the  thicker  deposit  below,  nev- 
ertheless it  may  yield  in  the  fatnre  a  large  amonnt  of  a  good 
quality  of  coal.  Near  the  western  limits  of  Macon  Oity  it  is 
operated  to  some  extent  by  Fishbone  and  Link.  It  is  here  22 
inches  thick  and  70  feet  from  the  surface ;  horse  power  is  ased 
for  hoisting.  It  has  been  drifted  on  qaite  extensively  along 
Fatten  creek,  about  one  mile  and  a  half  south.  At  Eureka 
shaft  it  is  18  inches  thick,  which  is  about  its  normal  thickness. 
At  shaft  No.  46 ,  K.  &  T.  Goal  Co.,  however,  it  is  two  feet  thick 
and  it  would  probably  pay  to  work  were  it  not  for  the  presence 
of  the  thicker  bed  below.  Outcrops  of  the  limestone  above 
this  coal  are  numerous  along  both  sides  of  East  fork,  and  coal 
is  frequently  found  cropping  out  beneath  the  fissile  shales  un- 
derlying the  limestones.  At  the  north  the  exposures  are  adja- 
cent to  the  channel,  but  recede  somewhat  as  they  rise  in  the 
hills  toward  the  south.  At  Thomas  Hill  the  limestone  and 
shale  appear  a  few  feet  below  the  river  bottom*  but  the 
ooal  seems  to  be  absent  here.  Above  Thomas  Hill,  limestones 
appear  on  the  slopes  at  various  places,  some  of  which  may  be 
at  this  horizon  while  others  belong  to  that  of  the  Summit  coal. 
Sections  XX lY  and  XXY  show  this  coal  west  of  the  Ohariton. 
That  at  Fishtrap  is  reported  to  have  a  clay  seam  parting  six 
inches  thick,  though  this  has  not  been  recognized  elsewhere. 
This  coal  has  also  been  worked  locally  north  of  Hammack's 
mill.  The  position  of  this  coal  on  the  map  corresponds  very 
nearly  with  the  line  separating  the  Lower  from  the  Middle  Goal 
Measures.    ( See  detailed  section  B  of  Section  sheet.) 

THB   BUBBKA  BBD.^ 

The  Eureka  coal  bed  is  encountered  only  at  the  Eureka 
shaft,  west  of  Macon  City,  at  a  depth  of  165  feet.  The  section 
measured  here  is  as  follows : 

1  From  noteB  of  Arttanr  Wloslow. 
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Seetion  No.  XXXII  (A  of  Section  sheet  J. 

DcTAiLKD  Section  of  Eureka  Coal,  at  Eureka  Shaft. 

FT.    m. 
1.    Shale,  argillaceouB^  black 3 

a.   Coal 2 

8.    Clay  parting,  drab 6    6+ 

4.    Coal 2 

Total  thioknesB  of  ooal,  4  feet. 

The  lower  bench  is  said  to  thin  out  and  the  upper  to 
thicken  in  places.  The  clay  parting  varies  in  thickness  from 
six  inches  to  as  mach  as  five  feet.  Balls  of  pyrite  in  the  coal 
impair  its  quality.  The  roof  is  poor  and  much  water  is  encoun- 
tered. A  sample  of  the  top  bench  of  this  coal  was  collected 
by  the  writer  trom  several  mine  cars.  It  yielded  the  following 
results  on  analysis : 

Analysis  of  Eureka  Coal,  at  Eureka  Shaft. 

(Anal.  No,  896,  Mo.  Oeol.  Star.,  J.  D.  Robertion,  Anal.) 

PER  CENT. 

Moisture 2.5^ 

Volatile  hydro-oarbon  and  snlpbar 39.90 

Fixed  carbon 41.11 

Ash  and  salphur 17.00 

Total 100.00 

Total  sulphur 3  60 

Laboratory  Notes  :  The  specimens  of  coal  are  streaked  with  bitu- 
minous layers;  they  contain  pyrlte  and  melantcrlte,  also  much  calcite  and 
oonslderable  shale.  The  a^h  Is  of  a  dark,  brick-red  color.  The  coal  cokes 
in  the  porcelain  crucible,  bnt  the  coke  lacks  coherence  and  is  of  a  dull 
black  color. 

This  analysis  shows  the  coal  to  be  low  in  moisture  and 
moderate  in  sulphur  contents;  but  the  percentage  of  ash  is 
excessively  high.  It  is  a  decidedly  bituminous  coal  and,  with 
the  exception  that  the  larger  quantity  of  ash  impairs  its  value, 
the  remarks  made  in  connection  with  the  analysis  of  the  coal 
from  Ardmore  will  apply  here. 

AVAILABLE   OOAL  TONNAGE. 

Bevier  Ooal.  —  In  the  northeastern  and  southwestern  part 
of  the  sheet,  this  bed  occupies  a  position  below  drainage  level, 
while  along  the  College  Mound  axis  it  lies  well  above  this  level, 
and,  hence,  has  lost  much 'by  erosion.    As  shown  on  the  map 
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its  limits  are  qaite  clearly  defined  east  of  Middle  fork,  while 
some  uncertainty  exists  as  to  its  development  west  of  that 
stream,  as  previoasly  shown.  The  total  area  underlain  by  this 
coal  is  probably  not  far  from  175  square  miles.  Allowing  for 
its  absence  in  the  northwest,  there  would  still  remain  at  least 
150  square  miles.  Reducing  this  still  farther  by  20%  to  allow 
for  local  thinning  as  well  as  for  what  has  been  mined  already, 
we  have  not  less  than  120  square  miles  of  workable  coal  in 
the  district.  The  average  thickness  of  the  bed  is  a  little  less 
than  4  feet.  The  amount  of  marketable  coal  in  a  bed  of 
coal  4  feet  thick  in  an  area  of  one  square  mile  is  considered 
to  be  about  3,20f),000  tons.^  Assuming  the  average  thickness 
of  the  Bevier  bed  at  3.V  feet,  the  total  available  tonnage  within 
the  limits  of  the  sheet  would  be  336,000,000  tons,  or  over  one 
hundred  times  as  much  as  is  now  produced  annually  in  the 
whole  State. 

Macon  City  Goal.  —  Excepting  a  comparatively  small  area 
in  the  western  part  of  the  sheet,  this  coal  is  principally  above 
drainage  level  and,  hence,  has  suffered  much  more  by  erosion 
than  has  the  Bevier  coal.  Making  a  liberal  allowance  for  this, 
there  would  still  remain  not  less  than  75  square  miles  under- 
lain by  this  bed.  Reducing  this  by  one-third,  however,  as 
the  bed  seems  to  lack  its  full  development  toward  the  south- 
west, there  remain  50  square  miles,  which,  with  1}  feet  thick- 
ness, will  yield  60,000,000  tons  of  coal. 


SUMMA.RY  OF  AVAILABLE  COAL  TONNAGE. 


Total  po8-  I  Assumed 
siblearea.  '       area. 

I 


Tonnag^e  of 

assamed 

area. 


Macon  City  bed 
Be?ier  bed  . . . . . 

Total 


75  fiq.  m.l    50  fq.  m. 
16()      *'      !  120      '* 


225  eq.  m.i  170  iq.  m. 


60,000,000 
336,000,000 


396.000,000 


Altitudes  of  Coals, — The  following  table  of  altitudes  is  in- 
serted here  as  a  convenient  aid  in  further  exploitation.  Some 
are  based  upon  actual  levelling,  others  upon  aneroid  readings; 
in  addition,  since  the  thickness  of  the  strata  intervening  be- 

iPreUminary  Report  on  Coal,  Mo.  Geo!.  Sarrey  —  p.  49. 
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tveeD  any  two  coal  beds  is  subject  to  local  variations,  these 
rasnits  cao  be  taken  only  as  approximate.  In  the  first  oolnmn 
is  given  the  elevation  of  the  sarfaoe,  so  that  the  d^tk  of  any 
particnlar  coal  may  be  fonnd  by  a  simple  process  of  snbtrao- 
tion: 

APPBOXIHA.TB  TABLB  OF  ALTITTTDBS  OP  GOALS  IN  THB  BEVIBK 
DIBTBIOT. 
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BUILDING  STONES. 
There  are  no  qnarries  of  special  importance  within  the 
limits  of  the  sheet.  The  limestones  overlying  the  Macon  City 
and  Sammit  ooaU  furnish  extremely  hard  and  durable  stone, 
which  is  sometimes  qaarrted  for  local  use.  It  does  not  dress 
well,  however,  on  account  of  its  hardness.  The  sandstone 
found  above  the  Bevier  coal  sometimes  furnishes  a  stone  suit- 
able for  light  masonry,  bnt  it  is  generally  too  friable  even  for 
ordinary  use.  It  has  been  qasiried  to  some  extent  at  Buster's 
quarry  near  Lagonda  on  the  Chariton. 
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CLAYS  AND  SHALES- 

By  H.  A.  Wheeler,  Assistant  Qeologist. 

FIBB-GLATS/ 

At  present  no  fire-clays  are  worked  in  the  area  comprised 
within  the  Bevier  sheet,  though  several  beds  occur  in  Ihe  Goal 
Measares,  one  of  which  is  at  least  likely  to  become  of  impor- 
tance in  the  near  fatare.  These  are  found  under  the  coal  seams 
of  the  Lower  Goal  Measures  which  cover  this  area,  and  as  oua 
of  these  coal  seams  is  usually  of  workable  thickness,  they  are 
very  favorably  situated  as  regards  cheap  fuel  for  the  kilns.  The 
quality  of  the  fire-clays  thus  far  found  is  not  favorable  for 
refractory  purposes,  and  even  with  washing  they  seem  to  be  only 
adapted  for  coarse  stoneware,  for  sewer  pipe,  paving  brick  and 
terra  cotta,  or  the  coarser  applications  of  clay.  These  seams 
comprise : 

The  Bevier  Fire-clay. — Underlying  the  Bevier,  or,  as  it  is 
usually  known,  the  "four  foot"  coal  bed,  is  a  thin  layer  of  fire- 
clay that  only  averages  10  to  12  in.  in  thickness  where  exposed 
in  the  coal  mines  at  Bevier,  Macon  City,  Ardmore,  Jackson- 
ville and  Thomas  Hill.  It  varies  from  8  inches  to  rarely  as 
much  as  3  feet  in  thickness,  but  the  latter  is  only  very  local, 
and  usually  for  only  a  few  yards.  It  is  usually  of  inferior 
quality  from  the  presence  of  pyrite  and  calcareous  concretions 
that  occur  in  such  large  quantities  as  to  make  it  unrefractory  or 
fusible  at  furnace  temperatures.  On  account  of  its  thinness 
and  poor  quality,  no  occurrence  of  this  seam,  which  is  here- 
with designated  as  the  Bevier  fireclay,  is  known  in  this  area 
that  would  pay  to  work. 

The  Miller  Fire-clay. — In  drilling  a  hole  on  the  Miller  farm, 
2}  miles  south  of  Bevier,  a  seam  of  fire-clay  is  said  to  have 
been  struck  at  a  depth  of  180  ft.  from  the  surface  with  a 
reported  thickness  of  21  ft.  It  underlies  an  18-in.  coal  seam, 
the  lower  Ardmore  bed,  that  was  found  about  36  feet  below 
the  Bevier  bed.  Should  further  inveBtigation  verify  this  great 
and  unusual  thickness  of  fire-clay,  it  is  destined  to  become  of 
considerable  importance,  even  if  not  of  the  best  quality,  as  the 

iThe  tenn  *' lire- day"  is  ased  here  in  Its  popular  acoeptaiion,  bat  it  doei  not 
neoetsarily  imply  that  the  eUy  1b  highly  reflractory . 
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cheapDess  with  which  such  a  lar^e  seam  can  be  worked  would 
at  least  make  it  of  probable  valae  for  sewer  pipe  and  paving 
brick.  It  is  possible,  however,  that  the  drill  passes  through 
soft  or  argillaceons  shale,  which  might  easily  be  mistaken  for 
fire-clay  by  the  driller. 

Section  XXXIII. 

Record  op  the  Miller  Drill  Hole. 

About  2}  miUa  south  of  Bevier, 

GLACIAL  DRIFT. 

FT.  IN. 

1.  Clay,  yellow 63 

2.  Clay,  blue 36 

COAL  MEASURES. 

3.  LimestODe 2     6 

4.  SandRtone . . . . , 36 

5.  COAL  (Bevier  Bed)  4      6 

6.  Fire-olay  (  Bevier  Seam  ) 1 

7.  Limestone 3 

8.  SandstoDe 7 

9.  Shale  ("Pottery  Seam") 20 

10.    S\%t^,blaek   6 

IL    CO>^L  (  Lower  Ardmore  Bed  ) 1     6 

12.  Fire-clay 21 

13 .  Sandstone 2 

Total 201      6 

The  Thomas  Rill  Fire-clay.  —  Oatcroppin^  on  the  steep 
hill  side,  jast  below  the  hamlet  of  Thomas  Hill,  is  a  5  to  6-ft. 
seam  of  fire-clay  which  is  herewith  designated  as  the  Thomas 
Hill  fire-clay.  It  crops  out  about  25  feet  above  the  river,  and 
is  about  50  ft.  above  the  Bevier  coal  bed,  and  lies  immediately 
nnder  the  coal  bed  numbered  (3)  in  section  IV,  of  p.  17.  As 
this  Thomas  Hill  fireclay  seam  has  never  been  worked,  the 
quality  could  only  be  determined  from  samples  obtained  by 
digging  into  the  croppings  on  the  hill-side.  They  show  that  it 
is  a  very  finegrained  plastic  clay  of  a  light  grey  to  blue  color, 
and  is  stained  yellow  by  iron.  At  the  distance  of  a  foot  below  the 
coal,  the  fire-clay  has  numerous  crystals  of  gypsum  in  a  yellow 
streak.  If  washed  to  free  it  from  iron,  gypsum,  etc.,  it  would 
probably  make  an  excellent  potter's  clay,  and  possibly  be  good 
enough  for  refractory  purposes;  while  the  raw  unwashed  clay 
would  make  a  good  sewer  pipe  or  paving  brick.    As  Thomas 
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Hill  is  over  6  miles  from  the  nearest  railroad  poiat,  the  fire-clay 
cannot  be  profitably  worked  or  shipped  with  the  present  condi- 
tion of  the  clay  market. 

This  same  fire-clay  is  foand  at  shaft  No.  40,  of  the  K.  &  T. 
Goal  company,  two  miles  soatheast  of  Bevier  and  is  represented 
by  No.  8  of  section  II  given  on  p.  15.  This  shaft  was  unfortu- 
nately solidly  cribbed  when  I  visited  it,  so  that  it  was  not 
possible  to  obtain  samples  of  this  fire  clay,  which  occurs  here 
in  workable  thickness,  and  could  be  worked  by  the  same  shafts 
plant  and  railroad  switches  that  are  used  in  moving  the  coal. 
This  same  fire-clay  is  likely  to  be  found  in  other  shafts  that 
may  be  sunk  in  the  high  ground. in  the  neighborhood  of  Bevier, 
and  if  found  of  good  quality,  may  become  of  considerable  im- 
portance. It  will  only  be  found  over  the  highest  areas,  as  the 
glacial  erosion  has  been  so  severe  here  as  to  have  planed  it  off 
in  the  valleys  and  lowlands. 

.  The  Eureka  Fire-clay. —  At  the  Eureka  shaft  it  is  said  that 
they  passed  through  a  seam  of  fire-clay  over  iO  ft.  thick,  at  a 
depth  of  about  100  ft.  below  the  surface  and  100  ft.  above  the 
Eureka  bed.^  As  the  shaft  was  solidly  cribbed  I  was  unable 
to  get  a  sample  of  this  thick  fire-clay  seam,  so  cannot  say 
anything  about  the  quality,  or  speak  definitely  as  to  its  thick- 
ness. The  fire-clay  associated  with  the  Eureka  coal  bed  is 
occasionally  quite  thick  at  this  mine,  but  it  rapidly  thins  out 
to  an  unworkable  thickness,  as  is  indicated  on  p.  15. 

SHALBS. 

Shales  are  very  largely  used  in  the  manufacture  of  vitrified 
bricks,  for  which  the  various  accessory  ingredients  that  they 
usually  contain  make  them  eminently  adapted;  they  are  less 
frequently  used  for  common  brick,  terra  cotta,  sewer  pipe  and 
drain  tile,  and  occasionally  they  are  found  of  sufficient  purity 
to  be  suitable  for  refractory  and  pottery  purposes.  All  shales, 
when  ground  fine  enough,  become  more  or  less  plastic,  and  are 
apt  to  weather  into  very  plastic  clays  along  the  outcrop,  hence 
they  can  generally  be  readily  moulded  into  ware  if  their  phy- 
sical and  chemical  properties  are  favorable.  There  are  several 
shale  beds  in  the  Bevier  sheet  area,  and  of  these  some  six  are 
found  to  be  of  workable  thickness.    Like  all  shale  deposits, 

1  ThiB  must  be  dtber  No.  8  or  14  of  Beetion  1,  p.  14.    a.  W. 
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from  the  natare  of  their  origin,  these  Bix  workable  beds  vary 
greatly  in  their  thickness,  continuity  and  character,  and  not 
one  of  them  is  persistent  over  even  the  small  area  covered  by 
the  Bevier  sheet.  A  shale  bed  20  ft.  in  thickness  is  liable  to 
thin  oat  to  2  ft.  or  less  in  a  distance  of  a  few  rods,  and  even 
be  entirely  replaced  by  a  sandstone;  while  it  may  qaite  as  sud- 
denly vary  from  a  very  lean,  sandy,  hard  shale  to  a  very  soft,  fat, 
highly  argillaceous  shale  in  quite  as  short  space,  though  such 
very  sudden  changes  are  unusual.  But  this  fact  should  be  borne 
in  mind  in  prospecting  for  shales  in  this  area,  as  the  beds  sub- 
sequently described  are  liable  to  vary  greatly  in  thickness  and 
continuity  as  well  as  in  quality,  and  will  need  direct  examina- 
tion by  test-pits  or  drill-holes  to  determine  their  value  in  trac- 
ing them  out  over  unprospected  areas.  These  workable  beds 
are  described  in  descending  order,  beginning  with  the  upper- 
most bed  found  in  this  region. 

The  Macon  City  Shale — Outcropping  along  the  edges  of  the 
valleys  about  Macon  Oity,  usually  exposed  along  the  banks  of 
the  streams,  is  a  quite  persistent  bed  of  shale  that  varies  from 
5  to  15  ft.  in  thickness.  This  shale  is  above  the  Macon  City 
coal  bed  that  has  been  worked  to  a  slight  extent  along  the 
East*  fork  bottom-  About  one  mile  east  of  Macon  City  this 
shale  is  about  5  ft.  thick,  as  exposed  in  the  bank  of  a  small 
creek  on  the  north  side  of  the  H.  &  St.  J.  railway,  where  it  is 
capped  by  5  ft  of  shaly  limestone  that  is  overlain  by  3  to  10  ft. 
of  glacial  drift.  The  shale  here  is  olive  green,  soft,  fine-grained, 
fat  and  very  plastic.  Some  ofit  was  worked  into  brick  by  Mr. 
Foncber,  of  Macon  City,  and  burned  in  his  brick-kiln  ( clamp ), 
but  was  found  to  shrink  too  heavily  and  to  fuse  at  a  common 
brick-burning  heat.  At  Brown's  brickyard,  I  mile  west  of 
Macon  City,  it  shows  at  the  foot  of  the  hill,  under  a  heavy  de- 
posit of  yellow  glacial  clays,  where  test-pits  and  trenches  have 
exposed  about  12  feet;  it  is  here  rather  soft,  thinly  bedded,  but 
sandy  to  very  sandy  in  texture  and  of  a  light  gray  color.  About 
2000  feet  west  of  Brown's,  and  in  the  extreme  northwestern 
corner  of  the  map,  it  is  exposed  in  the  washed-out  trench  on  the 
side  of  the  Bevier  and  Macon  road,  at  the  base  of  the  hill  on 
the  east  side  of  Duck  creek  bottom,  where  it  is  12  ft.  thick ; 
it  is  still  quite  sandy  and  coarse  here,  especiallj^  the  lower  por- 
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tion  of  the  bed.  A  sample  (No.  110  Wh.)  from  the  apper  10  ft. 
of  aboat  50  lbs.  was  taken  along  the  trench,  where  it  was  well 
exposed  and  was  tested  with  the  following  results  : 

PHYSICAL  TBST   OF  MACON   CITY  SHALE. 

Color,  olive  gray  to  yellow,  heavily  yellow  to  brown  streaked  with  iron. 
7>a^re,  coarsely  lameUar,  coarse-grained,  very  sandy  and  soft,  or  H.  1.6 

to  2.0. 
Tasiea  lean  and  very  sandy. 
Slakes  irregularly— a  portion  slowly  and  a  portion  rapidly  into  grains  and 

flakes  I  to  ^V'^^^l^  l'^  ^'^e,  when  dry  and  then  immersed  in  water. 
P^riie  is  not  noticeable,  it  having  all  oxidized  and  thereby  so  freely  stained 

it  yellow  to  brown. 
Hydrochloric  acid  does  not  affect  it  except  by  dissolving  out  the  iron. 
When  mixed  with  19.2%  water,  after  grinding  to  pass  throagh  a  20  mesh 
sieve,  it  makes  a  rather  short,  easily  moalded  paste,  and  bricklets  from 
this  paste,  ranging  in  size  from  4"  X  1"  X  i"  to  8"  X  4"  X  3",  dried  rapidly 
in  the  air,  and  coald  be  rapidly  dried  in  a  heated  drying  chamber  without 
cracking.  The  shrinkage  in  air-drying  was  4.5%,  and  the  additional 
shrinkage  on  burning  was  4.6%,  or  a  total  shrinkage  of  9. 1  % .  The  shale 
burns  to  a  good  red  color,  suitable  for  common  brick  or  terra  cotta,  and 
makes  a  fairly  strong  article  when  burned  at  1800°  F-,  or  a  cherry-red 
heat.  Incipient  vitrification  occurs  at  1850°  F. ;  complete  vitrification,  or 
it  becomes  glassy  (  vitrified ),  at  1950°  F.,  and  it  melts  or  becomes  scoria- 
ceousat  2100°  F. 

From  these  tests  we  conclade  that  this  clay  is  well  adapted 
for  making  common  brick,  terra  cotta  and  drain  tile.  With 
care  it  can  be  ased  for  paving  brick,  but  there  will  be  an 
nnasually' large  loss  from  over  and  nnder  burning,^  while 
the  strength  will  be  somewhat  deficient  for  this  severe  service. 

This  Macon  shale  bed  again  outcrops  abont  2000  ft.  south 
of  the  above  point,  and  500  ft.  north  of  the  H.  &  St.  Joe  rail- 
way on  the  east  side  of  Duck  creek,  where  it  rests  on  a  ledge 
of  limestone  12  to  16  in.  thick  that  is  quarried  for  a  building 
stone.  Here  it  is  10  to  12  ft.  in  thickness,  but  the  lower  3  to  4  ft. 
is  dark  gray,  very  soft,  fine-grained  and  plastic,  while  the  upper  7 
to  8  ft.  is  olive  gray,  coarse  grained  and  lean  or  sandy,  and  inter- 
mixed with  sandstone  streaks  i  to  2  in.  thick.  By  thoroughly 
mixing  the  lower  fat  portion  with  the  upper  lean  portion,  it 
would  work  better  and  make  a  stronger  ware  than  the  preced- 
ing sample.  Both  at  this  place  and  where  exposed  by  the 
roadside  the  shale  could  be  very  favorably  worked,  as  the 
stripping  of  yellow  or  glacial  clay  amounts  to  only  1  to  5  ft, 

T    From  the  fasing  and  Indpleiit  fx^nta  being  lo  near  the  Tlixif^ing  point,  that 
xeqaiilog  exoeptlonai  care  In  firing  a  kiln. 
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and  being  on  the  flank  of  a  side  hill  could  be  worked  by  open 
pits.  The  H.  &  St.  Joe  branoh  of  the  Barlington  railway 
system,  with  its  conneotions  for  eastern  and  western  markets, 
is  only  500  ft.  distant  from  the  latter  and  2500  ft.  from  the 
former  outcrop,  with  favorable  country  intervening  for  build- 
ing a  spur,  while  Macon  City,  with  a  population  of  3400,  is  only 
a  mile  east,  through  which  passes  the  Des  Moines  branch  of 
the  Wabash  railway  with  its  connections  with  northern  and 
southern  markets. 

This  same  shale  bed  outcrops  along  the  western  edge  of  the 
bottom  of  the  East  fork  of  the  Chariton  river,  about  2  miles 
west  of  Macon,  at  a  point  where  the  conditions  are  very  favora- 
ble for  open  pit  working;  it  has  here  about  the  same  thickness 
and  character  as  where  sampled  on  the  Bevier  road,  previ- 
ously mentioned.  This  shale  also  outcrops  at  Coal  hollow,  about 
2  miles  southwest  of  Macon  City,  where  it  is  10  feet  thick 
and  favorably  located  for  working  and  for  railway  connections. 

Prospecting  will  find  this  shale  bed  to  be  of  workable 
thickness  anywhere  about  Macon  City,  but  varying  from  very 
sandy  to  very  fat  in  its  texture.  In  the  low  valleys  it  can  be 
found  outcropping,  or  else  by  trenching  down  to  it  where  cov- 
ered by  the  yellow  drift  clay ;  but  on  the  higher  lands  it  can  only 
be  found  by  test  pitting  or  boring.  It  outcrops  again  about 
two  miles  west  of  Jacksonville,  where  it  is  to  be  seen  in  the 
roadside  gutter  about  2000  ft.  east,  and  about  40  ft.  above  the 
East  fork  of  the  Chariton  river.  Here  it  lies  at  the  foot  of  gentle 
hills,  with  a  cover  of  3  to  8  ft.  of  yellow  clay  over  it,  and  is 
favorably  located  for  open  pit  working;  it  is  about  12  ft. 
thick,  of  a  very  coarse  sandy  nature,  and  yellow  in  color.  It 
again  shows  in  the  roadside  at  the  crest  of  the  bill  by  the  old 
potteries,  about  three  miles  southwest  of  Jacksonville,  where 
it  crops  out  about  60  ft.  above  and  about  1500  ft.  east  of  East 
fork.  Here  it  is  over  8  ft.  thick,  of  an  olive  gray  to  yellow 
color,  soft,  highly  laminated  and  plastic.  This  Macon  shale 
bed  is  liable  to  be  found  outcropping  along  the  flanks  of  the 
hills  of  the  East  fork,  Middle  fork  and  Chariton  rivers  as  well 
as  along  the  branches  and  breaks  that  run  back  from  these 
main  drainage  lines  within  the  area  covered  by  this  Bevier 
sheet,  though  it  may  not  always  be  of  workable  thickness 
( say  6  ft.  or  over)  or  of  satisfactory  quality. 
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The  Thomas  Hill  Shales. — At  Thomas  Hill,  on  the  east  bank 
of  the  Middle  fork  of  the  Chariton  river,  there  is  a  local  and 
exceptional  occarrence  of  three  shale  beds  between  the  Bevier 
coal  bed  and  the  Summit  bed,  which  are  here  50  to  55  feet 
apart.  The  section  on  page  17  shows  the  relative  positions 
and  thickness  of  two  of  these  beds  at  this  place,  which  are 
Nos.  9  and  6  —  7  combined  of  the  section.  No.  9  bed  is 
below  the  bed  of  the  Middle  fork,  and  is  said  to  be  20  ft.  thick 
where  passed  through  by  the  whim  shaft  of  Millman  &  Sons, 
on  the  bank  of  the  river ;  on  account  of  the  shaft  being  cribbed 
this  shale  could  not  be  examined.  Nos.  6  —  7  crop  out  along 
the  present  bank  of  the  river,  and  are  covered  at  high  stages 
of  the  water;  together  they  reach  8  ft.  or  more  in  thickness, 
are  brown  colored  and  soft  and  plastic.  The  uppermost  shale 
crops  out  about  10  feet  above  the  river  and  immediately  under- 
lies the  Thomas  Hill  fire-clay  seam  ( see  p.  58).  It  is  6  to  8  ft. 
thick,  gray  colored,  soft,  fat  and  plastic,  and  seems  to  be  of 
excellent  quality. 

No.  9  of  the  Thomas  Hill  section  is  found  at  shaft  No  48, 
of  the  K.  &  T.  Goal  company  at  Ardmore,  where  it  is  5  ft.  thick 
and  occurs  at  a  depth  of  40  ft.  below  the  surface  and  2  feet 
above  the  Bevier  coal ;  it  is  a  soft  gray  shale  at  this  point. 
Shale  about  this  horizon  is  also  found  in  some  of  the  Bevier 
shafts,  being  4  ft.  thick  in  the  No.  7  shaft  of  Loomis  &  Snively, 
one  mile  southwest  of  Bevier,  at  a  depth  of  24  ft.,  and  Mr.  Francis, 
the  superintendent,  says  that  he  has  found  it  to  range  from  2  to  8 
ft.  about  Bevier.  This  would  generally  be  too  thin  to  permit 
of  profitable  working,  as  a  sandstone  20  to  25  ft.  thick  occurs 
between  it  and  the  underlying  Bevier  coal  bed,  so  that  it 
could  not  be  worked  in  conjunction  with  the  coal. 

The  Pottery  Shale  Bed — At  the  site  of  the  old  potteries  by 
the  Penny  bridge  over  the  East  fork  of  the  Chariton  river, 
about  3  miles  southwest  of  Jacksonville,  the  following  approxi- 
mate section  is  to  be  seen  along  the  roadside  as  it  rises  out  of 
the  river  bottom  to  the  adjoining  high  ground,  which  is  60  to 
80  ft.  above  the  river. 


64  BOONOMIO  GBOLOGY. 


Section  XXXIV. 

Pottery  Hill  Outcrops. 

Three  miles  eotUhweat  of  JackeonvUle^  on  the  Etui  fork. 

FT.     IN. 

1.  CXKjyyellow Ito  5 

2.  Shale,  y«//<Ho  (  Maoon  Sbam  ) 8+ 

3.  Limestone,  frroum 3       5 

4.  h\%XA,hlaek 2 

6.  Coal  (  Macon  CiTT  Bbd  ) 1       3 

6.  Fire-clay  (  Thomas  Hill  Skam  ) 1 

7 .  Limestone 2       3 

8.  Shale   yellow  to  gray 2       3 

9.  Sandstone 2       3 

10.  Coal  (  Bbvier  Bed  ) 3 

11.  Fire-clay 1 

12.  UmeBtone^  yellow  and  thin  bedded 4 

13.  Interval  (shaly  sandstone?) 10     12 

14.  Lim  estone,  ye^tov; 6 

15.  Interval  (shale?)  5 

16.  Shale,  eoft,  and  gray  (  "Pottery  Bed"  ) 15 

17.  Slate,  black ..^ 6+ 

18.  Coal  (Lower Ardmore Bed) 1     6(?) 

19.  Fire-clay ? 

This  "pottery"  shale  is  of  a  light  gray  to  olive  color,  thinly 
bedded,  soft  and  plastic  clay,  which  was  formerly  used  by  the  two 
potteries  that  were  located  here  for  making  stoneware.  The 
weathered  shale  or  clay  is  white  to  gray  in  color,  very  fine 
grained,  very  plastic  and  tough,  but  rather  badly  stained  yellow 
by  iron.  It  burns  to  a  strong  ware,  but  gives  a  black,  spotted, 
pitted  body,  if  the  iron  is  not  removed  by  washing.  It  would 
make  an  excellent  sewer  pipe,  terra  cotta  or  tile  clay  without 
washing.  This  same  shale  cxops  out  on  the  western  side  of  the 
river  bottom,  along  the  base  of  the  hills,  and  was  worked  for  the 
potteries  on  the  Goddard  farm,  one  mile  west  of  the  Penny 
bridge,  also  on  Summers' farm,  2  miles  southwest,  at  which  places 
it  has  less  iron  than  at  Pottery  Hill,  so  that  the  ware  was  less 
spotted  (the  clay  was  not  washed).  This  shale  is  very  favor- 
able for  mining  at  Pottery  Hill,  as  it  is  5  to  10  ft.  above  high 
water,  and  is  covered  by  only  2  to  4  ft.  of  yellow  clay  stripping ; 
but  until  more  favorable  shipping  facilities  are  available,  the 
bed  can  be  of  only  local  importance. 

This  same  shale  seems  to  underlie  the  Bevier  coal  at  Bevier, 
if  the  Miller  drill-hole  ( see  p.  58)  is  reliable,  as  it  was  found  in  it 
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at  a  depth  of  153  ft.,  or  21  ft.  below  the  Bevier  coal  bed,  where 
it  had  a  thickness  of  20  feet.  If  it  shonld  prove  of  as  good 
quality  as  at  Pottery  Hill,  this  may  become  of  great  importance 
n  the  fatare,  as  with  the  good  railroad  facilities,  cheap  fael  and 
the  probability  of  being  able  to  work  the  shale  from  one  of  the 
already  equipped  mine  shafts,  all  the  primary  conditions  are 
favorable  for  the  establishment  of  large  sewer  pipe  and  other 
coarse  ware  factories. 

The  Potteries. — The  two  potteries  that  were  formerly  ope- 
rated at  Pottery  Hill  made  common  stoneware,  or  salt  and  slip 
glazed  jugs,  crocks,  milk- pans  etc.  The  first  one  was  built 
about  1870  by  Louis  W.  Grotjohn,  on  the  north  side  of  the 
road,  and  just  east  of  Penny  bridge,  at  the  foot  of  the  hill ;  it 
was  a  hand  shop  and  there  were  two  small  stone  kilns.  It  sub- 
sequently changed  hands  a  number  of  times,  and  was  finally 
abandoned  about  1885.  The  other  pottery  was  started  about 
the  same  time  on  the  south  side  of  the  road,  almost  opposite 
the  first  one,  by  a  Mr.  Foncher,  who  ran  a  hand  shop  and  had 
one  kiln ;  this  was  also  abandoned  after  running  a  few  years. 
Both  potteries  used  the  weathered  shale  or  clay  from  the  Pot- 
tery bed,  which  was  dug  from  the  adjoining  fields,  or  from  the 
croppings  one  to  two  miles  distant,  on  the  west  side  of  the 
river  bottom,  where  it  was  found  somewhat  purer.  They  both 
did  only  a  small  local  business,  and  in  no  case  seem  to  have 
been  managed  by  active  pushing  men,  so  that  their  final  failure 
and  abandonment  was  almost  sure  to  follow  from  the  keen  com- 
petition of  the  large  Illinois  pottery  centers.  The  kilns  and 
buildings  have  been  removed,  so  that  to-day  only  the  old  broken 
and  damaged  ware  remains  to  mark  the  site  of  this  former 
industry. 

THE   BRICK   CLAYS. 

Almost  the  entire  area  of  the  Bevier  sheet,  excepting  the 
river  bc^ttoms,  is  covered  by  the  glacial  drift,  as  previously 
described.  In  this  region  this  glacial  drift  is  mainly  composed 
of  tough,  sticky,  very  fine-grained  yellow  and  gray  clays,  that 
are  occasionally  slightly  intermixed  with  gravel  and  sand.  The 
gray  and  yellow  clays  are  very  irregularly  intermixed,  as  is 
also  the  gravel,  so  that  the  deposit  is  very  variable  and  uncer- 
tain in  quality.    This  glacial  clay  is  very  poorly  adapted  for 
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making  brick,  as  it  is  so  ''strong,"  or  finegraiDed  and  tough, 
that  it  is  almost  impossible  to  dry  the  bricks  made  from  it  in  a 
reasonable  time  without  their  checking  and  cracking,  even 
when  salt  is  used.  The  presence  of  the  gravel  is  also  highly 
detrimental,  though  this  fault  is  far  less  serious  than  the  diffi- 
culty of  drying  without  cracking.  If  sufficient  care  be  taken 
to  avoid  draughts,  the  effects  of  the  sun  etc.,  and  the  bricks 
are  left  covered,  even  such  a  strong  clay  as  this  glacial  clay 
can  be  successfully  dried,  but  such  extreme  care  involves  a 
large  amount  of  time,  a  very  large  stock  on  hand  drying,  exces- 
sive drying  capacity  and  too  much  labor  to  permit  of  its  being 
done  in  competition  with  clays  that  can  be  rapidly  and  cheaply 
dried  without  cracking;  hence  these  glacial  clays  are  not  used. 
A  reassorted  or  secondary  loamy  clay  is  used,  however,  in  this 
district,  that  is  found  at  the  foot  of  the  hills,  and  which  results 
from  the  washing  down  of  the  glacial  clays  and  the  redeposi- 
tion  of  coarser,  more  sandy  portions  at  the  foot  of  the  slopes 
in  the  hollows  and  bottoms,  which,  on  account  of  the  presence 
of  considerable  sand  and  the  washing  away  of  the  finest  clay 
particles,  makes  a  very  fair  brick  clay.  Such  secondary 
deposits  are  thin,  usually  from  2  to  5  ft,  depending  on  local 
conditions,  and  while  found  in  sufficient  quantities  to  suffice 
for  the  local  building  trade,  the  supply  would  not  answer  the 
demands  of  a  large  brick-yard  without  great  danger  of  early 
exhaustion.  At  Foncher's,  White's  and  Brown's  small  brick- 
yards at  Macon  City,  producing  200,000  to  500,000  a  year  each, 
this  clay  is  used  exclusively,  and  the  thickness  is  usually  found 
to  be  from  2  to  3  ft.  At  Bevier,  Loomis  &  Snively  usually 
make  100,000  to  200,000  a  year,  in  a  temporary  kiln,  by  band, 
from  this  same  secondary  clay.  This  firm  is  the  only  maker  of 
brick  exactly  within  the  area  covered  by  the  Bevier  map,  and 
they  only  attempt  to  supply  the  small  local  trade  of  Bevier. 

THE   GUMBO    CLAYS. 

The  bottom  land  of  the  Chariton  river,  which  averages  2 
miles  in  width,  the  Middle  fork  bottom,  which  averages  ^  mile 
in  width,  and  the  East  fork  bottom  which  averages  about  ^  mile 
in  width,  are  quite  generally  covered  with  a  very  sticky,  tough, 
dark  to  black  "gumbo"  clay  that  is  well  adapted  for  burning 
into  the  railway  ballast  that  is  now  being  so  largely  used  by 
almost  all  the  railways  in  the  northern  half  of  Missouri.   This, 
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if  hard  barned,  makes  one  of  the  cheapest  and  most  satis- 
factory materials  for  ballasting  road-beds.  The  gambo  of  the 
Chariton  bottom  has  already  been  made  ase  of  by  the  Davy  Olay 
Ballast  company  ( of  Kenosha,  Wisconsin ),  jast  east  of  the  H.  & 
St.  J.  railroad  bridge  over  theOhariton  river,  near  Oallao,  which 
lies  jast  beyond  the  northwestern  corner  of  the  Bevier  map. 
Here  they  barned  one  pit  in  1892  that  was  aboat  2000  ft.  long,  for 
the  Barlington  railway  sytem.  While  these  Qaaternary  allnvial 
gambo  clays  have  thas  far  only  been  nsed  for  railroad  ballast,  it  is 
qaite  likely  that  they  will  be  qaite  extensively  nsed  in  the  near 
fatare  for  macadamizing  coanty  roads,  for  which  parpose  they 
are  well  adapted.  While  not  so  darable  as  good  hard  rock 
macadam,  in  regions  like  the  Bevier  area,  where  good  rock 
material  is  scarce,  the  barned  gambo  will  make  an  excellent  sab- 
stitate  if  hard  barned,  while  it  can  be  prepared  mnch  more 
cheaply  than  rock  macadam.  Farther  details  as  to  the  mana- 
factare  of  barnt  ballast  are  deferred  for  the  final  report  on  the 
clays  of  the  whole  State,  that  is  now  being  prepared  by  the 
State  Geological  Sarvey. 
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PREFACE. 

Though  effort  has  been  made  in  the  following  report  to  equably  dis- 
tribute credit  for  work  done,  it  is  proper  to  emphasize  and  call  further 
attention  here  to  the  share  of  some  in  this  publication.  Thus,  the  geo- 
logical mapping  of  the  sheet  is  largely  due  to  Mr.  Haworth,  who  spent 
several  seasons  diligently  outlining  the  areas  of  the  crystalline  rocks 
in  this  and  the  adjacent  country ;  his  work  at  the  same  time  defined 
the  general  limits  of  the  Paleozoic  elastics,  thus  restricting  further  work 
on  these  rocks  to  the  study  of  the  sections  and  other  details.  To 
Messrs.  Lonsdale  and  Marbut  is  due  almost  entirely  the  credit  for  the 
topography  represented  on  the  sheet ;  for,  although  began  under  the 
writer's  immediate  direction,  the  topographic  mapping  was  soon  left 
to  their  independent  charge. 

The  idea  prevailing  in  the  other  sheet  reports  of  including  ex- 
haustive descriptive  detail  has  had  control  here,  and,  thus,  occurrences 
which  have  been  noted  in  the  Iron  Ore  report  and  other  previous  pub- 
lications have  been  rediscribed,  though  mostly  in  new  form  and  with 
valuable  additions ;  this  repetition  of  publication  is  unavoidable  in 
preparing  all  area  reports.  In  the  present  instance,  we  feel  that  no 
apology  is  necessary  for  presenting  Mr.  Nason's  new  and  excellent 
descriptions  of  Iron  mountain  and  Pilot  knob;  the  deposits  there  are 
of  world-wide  reputation  and  are  most  instructive  g*eological  illastra- 
tions;  we  can  have  little  fear  of  placing  on  record  too  much  detail 
concerning  these  unique  object  lessons ;  on  the  contrary,  it  is  our  duty 
to  gather  and  preserve,  while  we  are  able,  all  facts  of  value  which  the 
progress  of  mining  may  reveal,  so  that  they  may  be  used  for  the  guid- 
ance and  profit  of  those  who  come  after  us. 

The  geographic  position  of  the  sheet  was  determined  through  the 
assistance  of  the  U.  S.  Coast  and  Geodetic  survey.  Two  points  were 
determined,  one  at  Ironton,  and  the  other  at  Potosi,  and  the  following 
are  the  results  of  the  final  compatations : 


Tl  FBBFAOB. 

IroDtoD,  Lat.  astronomioal  station 37°  36^  3(r.0O 

liOng.         *»  •*        (W.  ofG.) 90°  37^  40". 47 

Lat.  of  public  Bohool  hoase  cupola 37°  36^  01". 22 

Long.         *'        '*  »*         **      (W.  of  G.)....90°  37"  38".61 

Potosi,  Lat.  afltronomical  station 37°  66^  14". 69 

Long.  '*  »*         (W.ofG.) 90°  47M8".86 

Lat  of  court-house  cupola 37°  66^'  13" .  76 

Long.  *'  *»       (W.ofG.) 90°  47M8".68 

The  station  at  Ironton  was  marked  by  a  brick  pier,  and  was  located 
in  a  field  about  a  hundred  yards  northeast  of  the  railway  depot.  The 
pier  at  Potosi  was  of  brick  and  stone  and  was  located  in  the  court- 
house  grounds. 

In  addition  to  these  points  of  control,  the  triangulation  of  the 
Mississippi  Biver  Commission  was  also  used  for  properly  adjusting  the 
positions  of  the  township  and  range  lines. 

In  the  proof-reading  of  this  report,  Mr.  J.  D.  Robertson  has  given 

much  assistance,  and  the  accompanying  index  was  prepared  by  him. 

Arthur  Winslow, 

State  Geologist. 
Jkpfbbson  Crrr  Mo. ,  Jan.  8,  1894. 
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REPORT  ON  THE  IRON  MOUNTAIN  SHEET 

ARTBUB  WINSLOW,  Stitb OsoLoaieT. 

EBABHUS  HAffOBTH,  AReiSTAKi  Oboumist. 

FH&NE  L.  N&SON,  Asbibtamt  Okologist. 

INTRODUCTION. 

By  Arthur  Winslow. 


ABBA  AMD  LOCATION. 
The  IrOD  Moantaia  sbeet  is  oamed  from  thti  well-known  Iron 
MoDBtain  mine,  eitnated  id  tlie  nortliern  portion  of  the  area.  It  is  a 
qaadrilateral  of  15'  exteot  in  latitude  and  longitode,  and  embraces  an 
area  of  236.41  sqaare  miles.  It  is  inclnded  between  the  liaes  37°  BW 
and  37°  45'  of  north  latitude  and  the  lines  90°  30'  and  90°  45'  of  longi- 
lode  west  of  Greenwich.  It  covers  portions  of  Iron,  St.  Francois  and 
Madison  coanties.  Tbe  location  of  the  sheet  with  reference  to  connty 
lines  is  shown  in  the  following  flgnre.  It  lies  in  the  southeastern  part 
of  the  State,  being  abont  CO  miles  west  of  the  Mississippi  river,  and 
less  than  70  miles  north  of  the  Arkansas  line 


Fig.  I .  — OatUna  Dup\liowliig  potlUonof  Itob  ICoddUId  iheel  to  Iran  IJid  >d|X»Dt 
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RAILWAYS. 

One  railway  traverses  the  sheet  midway  and  lengthwise  from  the 
north  to  the  south.  This  is  the  St.  Louis,  Iron  Mountain  and  Southern 
railway,  a  division  of  the  Missouri  Pacifio  system.  It  is  a  single-track 
line,  but  heavily  ironed  and  well  ballasted.  This  is  a  line  of  heavy  traffic 
between  Texas  and  Arkansas  and  northern  states,  and  large  quantities 
of  lumber,  cattle,  cotton  and  other  farm  products  are  shipped  north. 

Two  short  switches  or  spurs  have  been  extended  from  Iron  Moun* 
tain  and  Middlebrook,  connecting  with  the  quarries  at  Granitevllle. 

TOWNS. 

Three  small  towns  and  five  small  villages  are  situated  within  the 
sheet.  These  in  the  order  of  their  population  in  1890  as  given  by  the 
eleventh  census  are  as  follows : 

1.  Jron  if ounta in  ( population  1101),  on  the  Iron  Mountain  rail- 
way, is  a  mining  town  which  has  been  maintained  by  the  iron  mines 
and  dependent  industries.  The  town  was  occupied  almost  exclusively 
by  mine  operatives.  The  number  of  these  in  past  years  [was  at  times 
as  much  as  1000;  this  is  now  reduced  to  about  200,  and  hence  the  town 
is  of  much  less  importance. 

2.  Ironton  (population  965),  on  the  Iron  Mountain  railway,  is  the 
county  seat  of  Iron  county,  and  is  a  local  trade  center  and  point  of 
distribution  of  commodities  to  the  surrounding  country.  No  special 
industry  characterizes  the  place.  It  is  provided  with  two  flour  mills 
and  one  wagon  factory. 

3.  Doe  Run  { population  956 ),  is  located  in  the  extreme  northwest- 
ern corner  of  the  sheet,  at  the  terminus  of  the  Mississippi  River  and 
Bonne  Terre  railway.  It  is  a  small  town,  which  originated  about  five 
years  ago,  with  the  inception  of  lead-mining  at  that  point.  It  consists 
of  residences  of  miners  and  mill  men  and  a  few  stores. 

4.  Pilot  Knob  (population  757),  on  the  railway,  about  two  miles 
northwest  of  Ironton,  owes  its  existence  chiefly  to  the  iron  mines  and 
furnaces  which  were  once  actively  operated  here.  It  is  essentially  a 
town  of  residences.  A  few  stores  have  been  opened ;  but  these  are 
in  part  closed,  with  the  abandonment  of  the  mines. 

5.  Oraniteville  ( population  721 ),  about  four  miles  southwest  of 
Iron  Mountain,  has  been  built  up  by  a  large  granite  quarry  industry 
which  is  maintained  at  that  point.    It  consists  chiefly  of  residences  of 
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qaarrymen.     It  is  connected  by  a  spar  with  the  main  railway  line,  bnt 
the  nearest  depot  is  at  Middlebrook,  nearly  three  miles  distant. 

6.  Arcadia  (  population  40S)  closely* adjoins  Ironton  and  is  prac- 
tically a  part  of  it,  thoagh  under  separate  control.  It  has  no  special 
industry  nor  is  it  a  place  of  commercial  activity.  It  is  chiefly  distin- 
guished as  a  summer  resort ;  several  pleasant  summer  residences  have 
been  built  and  a  large  number  of  visitors  from  St.  Louis  are  attracted 
here  each  year.  It  is  pleasantly  located  in  the  valley  of  Stout's  creek, 
surrounded  by  porphyry  hills. 

7.  Middlebrook,  on  the  Iron  Mountain  railway,  between  Iron 
Mountain  and  Pilot  Knob,  is  little  more  than  a  railway  station.  It 
contains  in  addition,  a  few  residences,  stores  and  a  beer  depot. 

8.  Bellevieio,  located  about  six  miles  west  of  Iron  Mountain, 
away  from  the  railway,  is  a  small  country  village,  containing  two  or 
three  stores  and  a  postoffice. 

INDUSTRIES. 

The  industries  of  the  Iron  Mountain  sheet  consist  principally  of 
agriculture,  mining  and  quarrying.  The  principal  farm  products  are 
corn  and  hay ;  wheat  and  oats  are  raised  to  a  more  limited  extent. 
Iron  ore  is  mined  and  shipped  in  large  quantities  from  Iron  Mountain ; 
the  same  was  true  of  Pilot  Knob  a  few  years  ago,  but  work  there  is, 
at  present,  practically  abandoned.  Quarrying  is  actively  prosecuted 
at  Graniteville,  and  m%ny  car  loads  of  stone  are  shipped  yearly  from 
this  point  to  St.  Louis.  The  mineral  products  will  be  discussed  more 
fully  under  the  head  of  economic  geology,  and  further  description  will, 
therefore,  not  be  made  here. 

In  the  southwestern  corner  of  the  sheet,  the  margin  of  the  south- 
western lumber  region  is  included.  One  saw-mill  is  located  near 
Hogan  station,  and  shipments  of  lumber  are  made  from  there. 

As  indicative  of  the  extent  and  comparative  importance  of  the 
various  industries,  the  following  figures  of  commodities  marketed  in 
Iron  county  during  the  year  ending  June  30, 1892,  extracted  from  tables 
compiled  by  Hon.  W.  0.  Hall  as  State  Labor  Commissioner,  are  intro- 
duced here : 

Stock  (head) 3, 180 

WhPat  (bushels) 1,866 

Flour  (barrMs) 16,401 

Qranite.  building,  paving,  spalls  (oars) 1 ,093 

Iron  ores  (tons  >) 6,076 

1  The  prodnctioD  of  Iron  ore  at  Iron  Mountain  for  the  same  period  it  given  by  the  State  Mine 
Inipeotor  as  78,960  tons. 
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PHYSIOGRAPHY. 
By  Arthur  Winelow. 

TOPOGRAPHY— HYDBOORAPIIY— BOILS— FORKSTHY. 

TOPOGRAPHY. 

The  topography  of  the  Iron  Monntain  sheet,  as  illustrated  in  the 
frontispiece,  is  of  a  hilly  or  semi-monntainona  type.  It  is  made  up  of 
low  peaks  and  knobs  or  larger  masses,  between  which  are  compara- 
tively narrow  and  broken  valleys.  Though  only  50  miles  west  of  the 
Mississippi  river,  where  the  altitude  of  that  stream  is  about  300  ft.  A. 
T.,  the  lowest  contour  on  the  sheet  is  700  ft.  A.  T.,  and  the  highest  con- 
tour  is  1700  ft.  A.  T.  while  the  general  level  of  the  valleys  is  about 
1000  ft.  A.  T. 

The  distribution  of  the  zones  of  altitude  is  well  shown  in  the  dia- 
gram  opposite  this  page. 

From  these  conditions  it  follows  that  the  declivity  of  the  streams 
is  great  and  their  flow  rapid ;  corrasion  along  these  streams  is  conse- 
quently  active  and  base-levelling  cannot  be  considered  to  have  begua. 
The  country  is  in  a  youthful  stage  of  topographic  development. 

The  influence  of  geology  upon  topography  is  here  profound  and 
everywhere  discernible.  The  hills  and  mountains  and  the  great  mass 
of  upland  country,  are  mostly  composed  of  Arcbean  crystallines  or 
of  metamorphosed  Algonkian  rocks,  while  the  surrounding  and  com- 
paratively level  valleys  are  composed  of  approximately  horizontal  Cam- 
brian or  Silurian  strata. 

The  Mountains  and  Hills, — The  features  of  relief  of  this  sheet  are 
members  of  what  we  term  the  St.  Francois^  mountains.  No  great 
central  mountain  mass  is  to  be  recognized  here,  however,  of  which  the 
spurs  and  flanking  ridges  constitute  the  minor  elevations.  Neither 
have  we  a  series  of  massive  ridges  or  ranges  as  in  the  Appalachians 

iThe  porphyry  and  granite  mouDtains  of  eontbpaatem  MisBODri  have,  up  to  the  present 
time,  been  without  a  difttinctive  name.  They  have  frequently  been  Incladed  under  the  term 
Ozark  mnnntalns.  The  Ozark  mountains,  as  we  define  theiD,  constitute  the  greht  plateau  of  Cam- 
brian or  Silurian  rocks  lying  webt  of  our  area.  It  is  a  plateau  in  which  the  Bireams  have  cut  deep, 
long  and  narrow  valleys,  separated  by  broad  flat-topped  divides  or  by  long,  narrow  hog-baok-lLke 
ridges.  Ititf  of  post- Silurian  age.  The  St.  Francois  mountains,  on  the  contrary ,  are  composed 
almost  entirely  ot  massive  Archean  rocks  ;  they  consist  of  many  separate  individuals,  of  varying 
size  and  shape,  but  approaching  the  dome  or  conical  form  as  a  rule:  they  are  of  pre-Sllurian  age. 
They  differ  thus,  in  material,  structure  and  age  from  the  Ozarks,  and  hence  deserve  a  separate  name. 
St.  Francois  (pronounced  St.  Fran-cls)  is  here  applied  as  a  name  long  associated  with  ibis  region. 
It  is  the  name  of  the  county  in  which  a  large  portion  of  these  mountains  occur,  and  is  the  name  of 
the  principal  river  traversing  this  region. 
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of  the  eastern  part  of  the  continent.  The  mountainB  are  scattered 
promiscaonsly  over  the  area — at  times  bnnched  into  massive  aggre- 
gates, elsewhere  almost  isolated.  Viewed  from  the  sapmit  of  one  of 
the  higher  monntaius,  no  prominent  peaks  are  to  be  seen ;  the  pano* 
rama  is  even  monotonous,  with  its  broad  sweep  of  undulating  forest- 
clad  hills,  of  only  slightly  varying  altitude. 

The  mountains  are  remnants  of  what  must  have  been,  in  Archean 
times,  a  great  land  mass  of  volcanic  rock,  elevated  well  Above  sea  level 
and  subjected  to  erosion  and  corrasion.  The  development  of  the  topo- 
graphy was  probably  begun  at  that  early  time,  but  was  interrupted 
during  the  period  of  submergence  attending  the  deposition  of  the 
Algonkian  beds,  to  be  vigorously  renewed  with  the  emergence  of  these 
beds  above  the  waters.  Probably  after  this  event  the  greater  part  of 
the  erosion  took  place,  and  the  sculpturing  of  Hhe  hills  and  mountains 
which  we  now  recognize  was  probably  well-nigh  completed  before  the 
Silurian  epoch.  Then  this  rugged  country  of  granite  and  porphyry 
mountains  was  depressed  and  partially  ( possibly  wholly)  submerged 
in  the  Paleozoic  seas,  and  the  limestones  and  sandstones  which  now 
underlie  the  valleys  were  deposited  over  the  lower  portions  and 
around  the  peaks  and  mountain  masses,  which  remained  above  the 
water  level  as  islands.  A  re-elevation  later  again  brought  the  area 
entirely  above  the  water  level,  and,  since  Silurian  time,  the  limestones 
and  sandstones  have  been  subjected,  probably,  almost  continuously  to 
sub-areal  erosion.  As  a  consequence  they  have  been  in  large  part 
removed,  the  valleys  have  been  deepened,  the  granite  and  porphyry 
hills  are  growing  relatively  higher;  gradually  the  old  pre-Silurian 
topography  is  being  re-exhumed. 

The  mountain  tops,  we  thus  see,  have  been  subjected  to  weather- 
ing influences,  since  Archean  time,  and  the  remainder  of  the  country 
since  the  early  Silurian.  Hence  great  thicknesses  of  rock  have  been 
decomposed  and  the  contours  of  the  hills  have  been  rounded.  The 
protiles  of  the  country  are  smooth  and  flowing  ones,  without  jagged 
crests  and  sharp  escarpments.  In  places  the  decayed  rock  covers  the 
surface  for  a  depth  of  70  feet ;  elsewhere  it  has  been  eroded  entirely 
and  the  bare  rock  is  exposed. 

Interesting  phenomena  resulting  from  sub-areal  decay  are  to  be 
seen  at  the  Gianiteville  quarries.  Here  great  ledges  of  solid  granite 
are   exposed  on  the  hill-tops  and  sides,  destitnte  of  any   covering. 
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Besting  npon  these  ledges  are  massive  boulders,  of  snch  imposing 
dimensions  that  they  are  known  as  '^Elephant  rocks."  These,  at  one 
place,  are  arranged  in  a  row  along  the  crest  of  the  ridge,  and  the  group 
is  aptly  termed  the  procession  of  the  elephants.  The  opposite  plate, 
reproduced  from  a  photograph,  is  of  the  leading  members  of  this 
procession.  Hage  potatoes  for  a  meal  of  the  Titans  they  more  resem- 
ble than  anything  else. 

These  great  boulders  are  the  wonder  of  all,  and  many  are  the  con- 
jectures as  to  their  origin.  Some  great  convulsion  of  nature  seems  to 
the  uninitiated,  at  first  thought,  necessary  to  explain  their  existence. 
Yet,  on  careful  examination,  any  intelligent  person  can  recognize  that 
it  is  the  slow  and  quiet  action  of  weathering  that  has  produced  the 
whole  result.  The  larger  masses  and  ledges  of  granite  are  seen  to  be 
traversed  by  freqaent  joint  planes,  or  planes  of  fracture.  Along  these 
there  is,  at  first,  little  or  no  opening  separating  the  rock  on  each 
side,  and  this  condition  still  maintains  at  present  in  some  instances. 
{Soon,  however,  water  seeps  in  along  these  planes  of  fracture  and,  by 
degrees,  decomposes  and  dissolves  the  faces  of  the  rock ;  this  action  is 
supplemented  by  that  of  vegetable  acids,  by  frost  and  by  the  general  ex- 
pansions and  contractions  caused  by  heat  and  cold.  Thus  an  opening 
is  gradually  developed  and,  as  this  proceeds,  the  removal  of  the  rook 
and  further  enlargement  is  hastened  by  flowing  water.  Thus,  it  is  only 
a  question  of  time  until  the  blocks  are  separated  by  wide  intervals, 
until  the  smaller  blocks  are  completely  disintegrated  and  the  larger 
ones  staud  oat  as  isolated  "Elephant  rocks.  "  All  stages  of  this  pro- 
cess can  be  seen  at  these  quarries.  Fig.  1  of  plate  III  illustrates  the 
condition  where  it  has  proceeded  only  far  enough  to  produce  in  a 
ledge  a  tesselated  appearance.  Fig.  2  of  the  same  plate  shows  a  still 
farther  advanced  stage ;  while  the  preceding  plate  II,  opposite  this  page 
illustrates  the  final  condition. 

Similar  evidences  of  decay  are  to  be  found  at  other  localities ; 
but  so  striking  an  example  as  this  exists  nowhere  else  in  the  State,  and 
its  superior  would  be  difficult  to  find  the  world  over.^ 

The  principal  mountains  within  this  area  are  Buford  mountain, 
1700  feet  high.  Iron  mountain,  1440  feet  high,  Stono  mountain,  1600 
feet  high,  Buzzard  mountain,  1640  feet  high.  Shepherd  mountain,  1600 
feet  high,  and  Taum  Sauk  mountain,  1800  feet  high.    These  rearthem- 

iTbroogb  the  recominendation  of  Prof.  Won.  B.  Potter,  mining  enfftneer  of  the  company, 
the  Iron  Monntaln  company,  which  controls  this  land,  haa  wisely  reserved  the  portion  cOTered  by 
the  boulders  flrom  quarry  ases. 
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Belves  above  the  surronnding  valleys  to  heights  of  700  and  900  feet. 
Their  oatlines  and  dimensions  are  well  shown  upon  the  accompanying 
topographic  map.  Their  strnctare  and  lithology  will  be  described 
later. 

A  study  of  the  map  will  show  that  these  mountains,  and  other  ele- 
vations of  the  area,  are,  in  places,  parts  of  large  elevated  masses  of 
irregular  outlines  ;  that  they  are  elsewhere  detached  but  still  irregular 
in  shape,  and  that  at  times  they  are  of  the  nature  of  isolated  cones. 
The  last  condition  has  suggested  the  explanation  that  these  mountains 
are  remnants  of  volcanic  cones  and  have  always  been  isolated  individ- 
uals. Other  circumstances  do  not  bear  this  out  however.  There  is  no 
evidence  seen  in  any  of  concentric  structure ;  no  crater-like  top  can 
be  recognized,  no  solidified  core  in  the  throat  of  such  crater  can  be 
differentiated  from  the  mass  of  the  hill.  On  the  other  hand,  erosion 
offers  itself  as  all-suflficient  to  explain  the  phenomena.  We  have  seen 
even  from  the  meager  evidence  presented,  that  decay  of  these  rocks 
has  been  very  great.  When  we  add  to  this  the  consideration  of  the 
vast  time  since  their  formation  during  which  these  rocks  have  been 
almost  continually  subjected  to  erosive  action,  we  can  realize  how 
great  must  have  been  the  decomposition,  how  enormous  the  mass  of 
material  removed.  It  is,  therefore,  in  the  highest  degree  improbable 
that  such  comparatively  insigniiicant  features  as  the  present  hills,  if 
isolated  from  the  beginning,  should  have  withstood  this  long-contin- 
ued action.  We  therefore  feel  compelled  to  admit,  whatever  the 
original  surface  configuration  may  have  been,  that  it  must  by  now  have 
been  obliterated,  and  therefore  the  moat  natural  conclusion  is  that  the 
existing  features  represent  a  stage  in  the  general  process  of  degradation 
by  erosion.  In  the  Taum  Sauk  mountain  mass,  in  the  southwestern 
corner  of  the  sheet,  we  have  one  of  the  first  stages,  where  the  great 
mass  of  porphyry  remains  as  yet  undivided  and  is  merely  gashed  by 
valleys.  In  Buford  mountain  and  Buzzard  mountain  we  have  instances 
of  a  second  stage,  where  large  masses,  of  somewhat  irregular  form^ 
have  become  detached  from  adjacent  ones.  In  Pilot  knob,  the  knob 
south  of  the  Shut-In,  east  of  Arcadia,  and  in  the  knob  just  east  of 
Middlebrook,  we  have  iustances  of  a  third  stage,  where  such  peaks 
are  about  to  be  isolated  by  corrasion  of  streams.  Finally,  in  the  case 
of  Cedar  hill,  at  Pilot  knob,  we  have  an  instance  of  complete  isola- 
tion. 
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The  Valleys. — The  valleys,  as  already  stated,  are  broken  and  com- 
paratively narrow ;  they  are  not  conspicaous  features  of  the  topo- 
graphy. The  Belleview  valley,  west  of  Iron  mountain,  is  the  largest 
within  onr  area,  while  the  Arcadia  valley  is  perhaps  next  in  size  and  is 
more  pictaresqae  and  pleasing.  All  of  the  larger  valleys  are,  without 
exception,  underlain  by  the  stratified  rocks  of  Paleozoic  age.  These 
rocks  consist  chiefly  of  magnesian  limestones,  but  near  the  base  of 
some  sections  are  sandstones  which  crop  out  at  points  along  the  mar- 
gins of  these  areas.  A  glance  at  the  map  will  show  that  these  valleys 
are  not  broad  plains,  traversed  by  meandering  streams  bordered  by 
alluvial  lands.  On  the  contrary,  they  are  of  the  nature  of  troughs  slop- 
ing quite  rapidly  from  the  hillsides  to  the  very  channel  of  the  streams. 
Further,  they  are]diversifled  by  hills  of  varying  elevation,  but,  as  a  rule, 
of  much  less  altitude  than  the  surrounding  porphyry  mountains.  These 
hills  are  generally  thickly  strewn  with  nodules  and  irregularly  shaped 
fragments  and  masses  of  chert,  whence  they  are  known  as  "Flint  hills.'^ 
This  chert,  a  residuary  product  from  formerly  superincumbent  rocks, 
serves  as  a  cap  to  protect  these  valley  hills  from  erosion  and  rapid 
removal. 

HYDROGRAPHY. 

More  than  two-thirds  of  the  area  of  our  sheet  is  drained  by  the 
tributaries  of  the  St.  Francois  river  to  the  east.  The  river  itself  is 
represented  in  the  northern  portion  and  also  by  a  small  loop  along  the 
eastern  border,  due  east  of  Ironton.  Westward  the  drainage  is  into 
Black  river,  in  Reynolds  county.  The  stream  of  most  considerable 
size  within  the  sheet  is  Stout's  creek,  which  flows  east  from  Ironton 
into  the  St.  Francois.  This  is,  however,  only  about  15  miles  long  from 
source  to  mouth  and  drains  an  area  of  not  more  than  70  square  miles. 

The  declivity  of  all  the  streams  is  great,  and  water  flows  off  quickly. 
Owing  to  the  steepness  of  the  slopes  adjacent  to  the  drainage  channels^ 
rainfall  is  discharged  rapidly,  and  the  streams  assume  a  torrential  char- 
acter on  very  short  notice.  The  water  subsides,  however,  within  a 
brief  time.  During  long  dry  spells  the  creek  beds  are  almost  entirely 
without  water. 

Gorrasion  is  vigorous  along  all  of  the  streams,  and  especially 
along  those  flowing  to  the  east.  Thus  Stout's  creek  falls  200  feet 
between  Ironton  and  its  mouth,  a  distance  of  only  eight  miles.  The 
streams  are,  therefor^,  still  powerful  agents  of  land  sculpture.  Their 
channels  are  generally  well  established ;  though,  owing  to  the  gieater 
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eafitward  declivity,  a  gradual  transfer  of  divides  westward  is  doubtless 
iu  progress. 

An  interesting  detail  of  drainage  here  is  what  is  known  as  the 
Shut-In,  on  Stout's  creek  just  east  of  Ironton.  Plate  IV,  taken  from  a 
photograph  here,  illustrates  the  scene.  The  stream  cuts  directly 
across  a  narrow  ridge  of  porphyry,  notwithstanding  the  fact  that  the 
ridge  terminates  less  than  a  mile  south  of  the  gap,  and  is  there 
surrounded  by  limestone  strata  in  which  the  creek  channel  could  have 
been  cut  with  one-tenth  of  the  energy  expended  in  excavating  its 
present  course.  The  feature  .has  an  antecedent  appearance,  antecedent 
in  that  a  depression  probably  existed  in  the  porphyry  ridges  when  the 
limestone  strata  nearly  or  entirely  covered  it,  and  when  the  drainage 
system  was  first  outlined.  A  synclinal  arrangement  of  the  jointage 
planes,  shown  in  the  illustration,  favors  this  idea.  Once  established  in 
such  a  gorge,  a  stream  does  not  readily  desert  its  channel.  As  corra- 
sion  along  the  main  channel  diminishes,  however,  it  is  probable  that 
the  stream  will  be  diverted  by  the  small  tributary  which  now  enters 
the  creek  from  the  south  just  below  the  Shut-In  and  that  it  will  event- 
ually be  carried  around  the  point  of  the  ridge. 

Throughout  the  mountainous  portions  of  our  area,  in  the  massive 
crystalline  rocks,  springs  are  exceedingly  rare  or  entirely  absent.  In 
the  limestone  valleys,  however,  they  are  quite  abundant  and  contri- 
bute noticeably  to  the  water  supply. 

BOILS. 

The  soils  of  the  Iron  inouatain  sheet  are  eutirely  residuary.  That 
is,  thoy  are  composed  of  the  residues  left  after  the  decay  of  the  country 
rock.  Over  the  porphyry  and  granite  areas  much  of  the  surface  of 
the  ground  is  covered  by  fragments  of  these  rocks,  derived  from  the 
disintegration  of  ledges,  and  here  little  or  no  soil  can  be  recognized. 
Where  soil  exists  over  these  crystalline  rocks  it  is  generally  inter- 
spersed with  fragments  and  is  thin  and  e-layey.  The  forest  growth, 
though  generally  thick  over  such  areas,  is  small  and  brushy.  Grass 
grows  throu'^hont  the  woods,  but  the  best  of  such  land  is  poorly 
adapted  to  farming  purposes. 

Tiie  'productive  soils  of  this  country  are  in  the  valleys  over  the 
limestones  which  lie  between  the  porphyry  and  granite  hills.  Here 
most  of  the  arable  land  is  situated.  These  soils  are  also  residuary,  but 
the  products  of  decay  from  the  stratified  limestone,  shales  and  sand- 
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stones  yield  a  warmer,  looser  and  richer  earth  than  do  those  from  the 
decay  of  the  massive  crystalline  rocks. 

Mach  of  this  valley  land  is,  however,  also  illy  adapted  to  cultiva- 
tion, and  this  applies  especially  to  the  surfaces  of  the  Flint  hills.  The 
ground  there  is  so  thickly  strewn  with  chert  nodules  or  boulders,  that 
plowing  is  impracticable,  and  these  nodules  extend  to  undetermined 
depths  beneath  the  surface.  Part  of  the  land  in  the  depressions  is 
also  damaged  by  the  presence  of  these  indestructible  residuary  pro- 
ducts. Further,  owing  to  the  existence  of  sandstone  beds  among  the 
underlying  rocks,  as  well  as  to  the  presence  of  a  large  proportion  of 
silica  in  some  of  the  limestones,  the  soils  are  frequently  ijuite  sandy. 
The  shaly  constituents,  however,  impart  a  loamy  character. 

The  best  farming  lands  of  the  sheet  are  in  the  Belleview  valley, 
in  the  northwestern  corner.  In  the  Arcadia  valley  are  also  some  good 
fjEU*ms.  None  of  the  lands,  however,  are  equal  in  fertility  to  those  of 
the  northwestern  portion  of  the  State,  which  are  covered  by  a  deep, 
rich,  black  soil. 

FOBESTBY. 
By  C .  F.  Marbut,  AssistaDt. 

The  principal  forest  trees  and  shrubs  occurring  within  the  area 
covered  by  the  Iron  Mountain  sheet  are : 

Sycamore Platanua  oeeidentaliM 

Slippery  Elm Ulmusfulva 

AmericaD  or  White  Elm U.  Ameriettna 

Wahooor  Winged  Elm U.  alaia 

Sugar  Maple .Acer aaecharinum 

White  Maple A.  daayearpum 

Shellbark  Hickory Carya  alba 

M6cker  Nut Carya  tomeniosa 

Bitter  Nut C.  amora  and  probably  C.  poreina 

Black  Walnut Juglana  nigra 

White  walnut  or  Butternut  (?) Juglana  einirea 

White  Oak Quercua  alba 

Post  Oak q.  obiuailoba 

Pin  Oak : q.paluatria 

Burr  Oak Q.  maeroearpa 

Chestnut  Oak Q.  prinua 

Red  Oak Q,  rubra 

Laurel  Oak q.  imbricaria 

Black  Oak ;Q.  eoeeina,  var  iinetora 

Black-jack q,  nigra 

White  Aflh FraxinuM  amerieana 
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Dogwood ComuB  aUenifoUm 

Pawpaw Aaitnma  triloba 

Penimmon Diospyr69  mrgimana 

Cedar Juniptru»  mrginkma 

Ck>mmon  LoouBt Robinia  p$auiaedeia 

Halbeny Morusr%ibra 

Black  Gum Nyua  mulHflora 

Wild  Cherry Prunus  aeroiina^  occurrence  rare 

Red  Birch Betulaniffra 

Hackberry Celiia  oceidenlaUM 

Bed-bud Cercia  canaiUiui» 

CommoD  Tellow  Piue Pinus  mit€9 

Buck-thorn Rhamnus  eathortieu9 

Iron  Wood  or  dop  Hornbeam Ostrya  virginiea 

American  Hornbeam Carpinua  amerioana 

Witch-hazel Hamamelu  wrginiea 

Hazel-nut Corylua  amerieana 

Black  Haw Vibumutn  prunifolium 

Buckeye .^aadua  glabra 

There  are  in  addition  to  the  above,  several  species  of  thorn  and 
haw  bashes  and  wild  plam  trees. 

The  whole  area  was,  before  settlement  and  the  building  of  the  iron 
furnaces  at  Iron  Mountain  and  Pilot  Knob,  heavily  timbered.  During 
the  time  that  these  furnaces  were  in  operation,  the  timber  from  the 
greater  part  of  the  area  was  cut  off  and  converted  into  charcoal* 
Since  the  furnaces  at  the  above  places  went  out  of  blast,  another 
growth  of  timber  has  sprung  up  and  is  now  in  a  condition  to  grow 
rapidly.  The  first  growth  of  bushes  from  the  denuded  land  is  always  so 
thick  that  the  progress  is  slow.  In  process  of  time  some  of  the  bushes 
gain  advantage,  and  when  once  gained  this  advantage  is  held.  As  a 
result,  the  smaller  bushes  die  out  and  the  larger  ones  grow  more 
rapidly.  In  the  vicinity  of  Pilot  Knob,  where  the  first  growth  was 
taken  off  several  years  ago,  the  young  forest  is  now  composed  of  trees 
from  20  to  35  feet  in  height.  This  is  the  condition  over  all  that  part 
of  the  country  from  which  the  timber  was  first  removed.  Other  parts 
have  not  yet  passed  from  the  bushy  stage  of  growth.  Along  the  ex- 
treme eastern  portions  of  the  area  the  timber  has  never  been  removed. 
The  diagram  on  the  opposite  page  shows  the  areas  covered  by  these 
various  growths. 

The  timber  growing  on  the  tops  of  the  porphyry  hills,  where  there 
is  a  soil  of  fair  depth  and  moisture,  is  composed  principally  of  red  oak. 
There  can,  however,  be  no  exact  line  drawn  on  one  side  of  which  we 
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can  Bay  one  kind  of  timber  grows  and  on  the  other  side  another  kind, 
for  the  species  have  qnite  a  wide  range ;  bat  each  kind  of  soil  supports 
some  one  species  in  a  more  vigorous  condition  than  the  others.  The 
red  oaks  grow  in  a  moist  and  somewhat  clayey  soil,  either  rich  or 
poor.  In  the  hollows  and  along  the  hillsides,  especially  when  there  is 
a  large  amount  of  talus  and  the  soil  is  rocky  and  consequently  well 
drained,  the  growth  is  principally  black  oak.  This  tree  is  also  the 
principal  growth  along  the  tops  and  other  dry  portio/is  of  the  chert  hills. 
White  oak  is  found  principally  on  the  sides  of  the  chert  and  porphyry 
hills,  and  in  other  moist,  though  not  wet,  clayey  soils.  The  growth  of  the 
^^Flat  woods''  is  almost  exclusively  post  oak.  Along  the  eastern 
limits  of  the  sheet,  on  the  sides  of  the  porphyry  hills,  especially  where 
there  i§i  a  remnant  of  the  old  coarse  sandstone  left,  there  is  a  scattered 
growth  of  pine.  Oedar  is  confined  to  the  areas  underlain  by  limestone. 
Such  areas  occur  both  in  the  northeastern  and  in  the  northwestern 
quarters  of  the  sheet',  but  the  growth  of  cedar  in  the  northeastern 
portion  is  very  small.  The  growth  of  the  laurel  oak  is  not  large  ;  it 
is  confined  to  the  lowlands,  such  as  the  Arcadia  valley  and  the  valleys 
of  the  larger  creeks,  where  there  is  a  moist,  compact,  light  or  dark- 
colored  soil.  The  bitter-nut  hickory  is  confined  to  the  neighborhood 
of  the  creeks  and  the  shell-barks  to  the  better  class  of  soils,  though 
it  is  not  abundant  anywhere.  The  other  trees  have  a  wide  range.  The 
growth  of  timber  in  the  bottoms  is  composed  principally  of  sycamore, 
elm,  hickory  and  oak,  sycamore  being  the  most  conspicuous.  The  oaks 
which  grow  along  the  creeks  are  principally  pin  oak  and  laurel  oak. 
Walnut  is  not  sufficiently  abundant  to  be  of  any  commercial  value. 
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GEOLOGY. 

THE  ABCIISAX  IIOf^KS— TM  l'ALK07.0IC  UOCKS— ECONOMIC  (lEOLOGY. 

As  has  already  been  stated,  the  rocks  of  the  Iron  MouDtain  sheet 

consist  of  crystalline,  massive  Archean  rocks,  of  crystalline  stratified 

Algonkian  rocks,  and  of  clastic,  stratified  paleozoic  limestones  and 

sandstones.    Beginning  with  the  oldest,  these  will  now  be  described  in 

succession. 

THE  ARCHEAN  ROCKS. 

By  EraBmus  Hawortb. 

The  Archean  rocks  of  the  area  covered  by  the  Iron  Mountain  sheet 
are  eruptive  or  crystalline  rocks,  which  may  be  conveniently  divided 
into  two  general  classes :  ( 1 )  The  Basic  Eruptives,  which  occur  in  the 
form  of  dikes;  and  (2)  the  Acid  Eruptives,  including  the  granites  and 
porphyries. 

THE   BASIC   BRUPT1VE3   OR  DIKE   ROCKS. 

The  rocks  of  this  class  are  found  principally  in  the  southeastern  part 
of  the  sheet.  They  usually  occur  in  well-marked  dikes  cutting  through 
the  granite  and  porphyries,  or  in  boulders  resulting  from  a  partial  sur- 
face decomposition  of  the  same ;  but  in  a  few  cases  they  constitute 
bosses  almost  circular  in  outline.  The  dikes  vary  in  width  from  less 
than  half  an  inch  to  more  than  150  feet.  They  usually  trend  northeast 
and  southwest,  or  nearly  so,  but  in  some  instances  they  vary  widely 
from  this.  The  walls  are  generally  nearly  vertical,  and  when  other- 
wise, seem  to  be  so  irregular  that  no  general  law  can  be  stated  govern- 
ing them. 

On  the  map  the  locations  of  the  dike  rocks  are  shown.  In  many 
cases  the  limits  of  the  dike  itself  could  not  be  defined  on  account  of 
the  covering  of  soil  and  other  products  of  decay.  But  in  such  cases 
numerous  boulders  are  found  lying  on  the  surface. 

Throughout  the  whole  country  the  various  dike  rocks  are  remarka- 
bly similar,  and  differ  so  much  from  all  other  rocks  to  be  found  that 
they  can  be  readily  distinguished.  They  are  dark  in  color,  sometimes 
nearly  black,  but  often  shading  into  a  dark  green,  while  the  other  rocks 
are  a  light  green,  or  some  shade  of  red  or  brown.  They  are,  when 
altered  by  decomposition,  typical  samples  of  what  many  geologists 
formerly  called  ^^green-stone."  They  are  also  much  heavier  than  the 
ordinary  granites  or  porphyries,  and  when  in  long  thin  fragments,  will 
ring  like  metal  if  struck  with  a  hammer. 
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Mineralogical  Composition  of  Dike  Rocks, — In  the  well- crystallized 
and  unaltered  specimens,  the  principal  minerals  of  these  rocks  are  the 
following:  Triclinic  feldspars,  generally  more  thbn  one,  augite  and 
olivine,  with  iron  oxide  and  apatite  as  constant  accessories,  and  brown 
mica  as  an  occasional  accessory.  In  those  which  are  less  perfectly 
crystallized  there  is  always  present  a  varying  amonnt  of  unindividnal- 
ized,  or  glassy  matter,  with  the  same  minerals  mentioned  above ;  in 
such  cases  the  feldspar  crystals  are  small  and  slender,  the  angite  crys- 
tals rarely  well  formed,  and  the  olivine,  in  many  cases,  wholly  wanting; 
bat  the 'oxide  of  iron  is  a  constant  accessory.  If  the  rock  is  much 
weathered,  the  augite  and  often  portions  of  the  glass  are  changed  into 
green,  fibrous  hornblende,  which  gives  a  green  appearance  to  the  rook. 
If  the  weathering  is  carried  farther  the  feldspars  are  partially  changed 
to  kaolin,  and  here  and  there  through  the  mass  scales  of  white  mica 
are  observed. 

Texture  of  Dike  Rocks, — In  texture  these  rocks  vary  from  the  holo- 
crystalline,  as  coarse-grained  as  the  ordinary  granite,  to  a  very  compact 
glassy  rock.  In  many  of  the  smaller  dikes,  and  occasionally  in  the  larger, 
the  microscope  shows  that  more  than  half  the  volume  of  the  rock  is 
glass — the  lava  having  cooled  so  rapidly  that  the  particles  of  matter 
did  not  have  opportunity  to  arrange  themselves  in  crystals.  Quite 
often  certain  mineral  crystals,  formed  before  the  lava  completely  solidi- 
fied, are  scattered  here  and  there  through  the  rock,  and  producing 
what  is  known  as  the  porphyritic  texture.  In  other  cases  the  texture 
of  the  rock  is  uniform  throughout,  and  is  quite  coarsely  crystallized 

Descriptions  of  Dikes  -Thirteen  different  dikes  are  represented  on 
the  accompanying  map,  though  the  presence  of  some  of  them  was 
judged  of  only  by  boulders  lying  on  the  surface;  doubtless  many  more 
exist.  In  the  following  descriptions  they  will  be  taken  up  consecutively, 
beginning  in  the  north, 

1.  At  Iron  Mountain,  in  a  number  of  different  places,  mining 
operations  have  revealed  dikes  cutting  through  the  porphyry.  Some 
of  these  are  less  than  12  inches  wide,  while  others  are  two  or  three 
times  as  large.  On  the  west  side  of  the  hill  such  may  be  seen  in  con- 
tact with  the  overlying  Paleozoic  rocks,  showing  that  they  were  formed 
prior  to  Paleozoic  times.  At  the  summit  of  the  hill  where  the  excava- 
tions are  deepest,  large  masses  of  impure  hornblende  are  found  in  con- 
tact with  the  ore.    These  probably  represent  dikes  which  have  broken 
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through  the  porphyry,  possibly  at  the  time  when  the  fissures  originated 
In  which  the  large  ore  veins  were  formed. 

2.  Along  the  main  road  leading  from  Pilot  Knob  to  Farmington^ 
abont50  yards  soath  of  Brewer's  creek,  in  section  15,  township  34  N.,. 
4  E.,  boulders  of  dike  rock  were  seen.  The  rock  is  quite  fine^ 
grained,  is  of  a  dark  bluish-green  color,  is  very  tough  and  hard  to 
break,  and  fragments  of  it  ring  like  metal  when  struck  with  a  hammer* 
In  weathering,  a  very  smooth  surface  is  produced. 

3.  In  section  24,  township  34  N.,  4  E.,  on  land  belonging  to  Mr» 
Elijah  Smith,  is  a  large  dike,  the  rock  of  which,  near  the  surface  at 
least,  is  largely  composed  of  long  slender  crystals  of  hornblende. 
Portions  of  this  rock  have  also  yielded  green  fibrous  hornblende  or 
uralite. 

4.  On  the  south  side  of  a  little  porphyry  hill  in  section  8,  town- 
ship 33  N.,  4  E.,  are  numerous  boulders  of  dike  rock,  indicatinijr 
the  presence  of  a  dike  somewhat  larger  than  the  average.  The  rock  ia 
much  coarser  grained  than  the  one  last  described,  has  a  less  greenish 
tint,  and  the  boulders  are  roughened  on  weathering,  due  to  the  exist- 
ence here  and  there  through  the  rock  of  portions  which  resist  decay 
better  than  the  remainder  of  the  rock. 

5.  In  the  southern  part  of  section  3,  township  33  N.,  4  E.,  is  an 
unusually  steep,  circular,  porphyry  hill  which  stands  out  alone  in  the 
valley.  Adjacent  to  its  southwestern  side  a  narrow,  sharp  ridge  ex- 
tends to  the  southeast  for  nearly  a  fourth  of  a  mile,  which  is  so  nar- 
row and  sharp  that  it  has  been  named  locally  the  ^'  Hog-back."  This 
ridge  is  a  dike  of  a  very  fine-grained,  glassy  rock.  The  ridge  owes  its 
existence  to  the  great  resistance  to  erosion  offered  by  the  dike  rock, 
the  limestone  on  either  side  of  it  having  yielded  much  more  rapidly. 
The  surface  covering  conceals  the  contact  between  the  limestone  and 
the  dike,  and  thus  their  relative  ages  could  not  be  absolutely  deter- 
mined, though  there  is  little  doubt  but  that  the  latter  is  the  older. 

6.  Just  south  of  Bowman's  field,  in  the  north  half  of  section  6,  town- 
ship 33  ]^.,  5  E.,  a  few  boulders  of  a  dike  rock  were  found  which 
are  of  more  than  passing  interest  on  account  of  their  containing  por- 
phyritio  quartz  crystals.  The  quartz  grains  vary  from  microscopic 
dimensions  to  as  much  as  an  eighth  of  an  inch  in  diameter.  They  are 
always  greatly  corroded,  apparently  as  though  after  their  formation 
they  were  partially  redissolved,  and  as  if  solidification  arrested  the 
operation  before  it  was  finally  completed. 

G— 2 
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7.  On  the  north  bank  of  Stoat's  creek,  abont  half  a  mile  above 
its  moath,  just  north  of  McAlIam's  field,  near  the  center  of  the  north 
half  of  section  4,  township  33  N.,  5  E.,  is  a  mass  of  dike-rock 
bonlders,  indicating  the  existence  of  a  large  dike  beneath  the  sur- 
&ce.  The  bonlders  are  large  and  sound,  and  yield  fine  specimens  of 
olivine  diabase. 

8.  Jast  south  of  the  house  formerly  occupied  by- Mr.  John  Bark, 
in  south  half  of  section  4,  township  33  1^.  5  E.,  is  a  dike  which 
can  be  seen  cutting  through  the  granite  in  the  bed  of  a  little  branch. 
It  is  from  three  to  four  feet  wide,  and  can  be  traced  for  about  20  feet. 
It  trends  northeast  and  southwest.  The  rock  composing  it  is  very 
fine-grained,  black  in  color,  and  has  a  sub-con choidal  fracture.  About 
two  rods  below  this  a  second  but  much  smaller  dike  crosses  the  branch 
in  a  direction  parallel  to  the  first.  It  is  composed  of  essentially  the 
same  materials. 

9.  On  the  north  bank  of  Bock  creek,  near  Mr.  Richard  Payne's 
house,  in  section  17,  township  33  N.,  5  E.,  is  a  larg^  dike,  the 
exact  width  of  which  could  not  be  determined  on  account  of  the  cov- 
ering of  surface  detrital  material.  Numerous  large  boulders  are  to  be 
seen,  and  a  little  digging,  done  years  ago,  in  time  of  an  excitement 
about  tin  ore,  showed  that  the  solid  dike  was  near  at  hand.  At  this 
place,  also,  small  amounts  of  au  inferior  grade  of  asbestos  were  found 
in  the  surface  clay.  It  has  evidently  some  connection  with  the  dike, 
but  until  found  in  place  no  prediction  can  be  made  regarding  its  extent. 
The  rock  at  this  place  is  quite  coarse-grained,  some  of  the  slender 
feldspar  crystals  being  a  half  inch  or  more  in  length. 

10.  Along  the  upper  portions  of  a  ravine  running  east,  in  the 
northeastern  portion  of  section  20,  township  33  N.,  6  E.,  a  dike 
may  be  seen  traversing  the  porphyry.  The  rock  is  much  lighter  in 
color  than  the  ordinary  dike  rock,  and,  judging  from  its  mineralogical 
composition  as  revealed  by  the  microscope,  it  is  doubtless  much  less 
basic.  It  has  a  very  fine  texture,  and  macroscopically  seems  to  be  a 
homogeneous  mass,  but  in  reality  has  many  minute  feldspar  crystals 
scattered  through  it. 

11.  On  the  northwest  side  of  a  high  porphyry  hill  near  the  north- 
east corner  of  section  30,  township  33  N.,  5  E.,  numerous  small 
dike-rock  boulders  were  found.  They  were  of  the  ordinary  fine-grained 
kind  and  of  no  especial  interest. 
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12.  Along  »  small  ravine  rnnning  northeast,  near  the  center  of 
section  29,  a  dike  is  exposed  in  the  porphyry.  It  has  been  strongly 
fractured,  and  each  fissure  has  been  filled  with  qnartz.  The  fissures 
with  their  quartz  veins  pass  into  the  porphyry,  showing  that  they  have 
been  formed  since  the  dike  rock  solidified.  The  rock  itself  is  fine- 
l^ined,  and  possesses  no  qualities  which  would  particularly  distinguish 
it  from  other  small  dike  rocks. 

13.  On  a  hillside  half  a  mile  west  of  Hogan,  about  a  hundred 
yards  north  of  the  road,  numerous  boulders  of  dike  rock  cover  the 
ground.  They  are  olivine  diabase,  well  crystallized,  and  are  similar  to 
that  so  extensively  worked  into  paving  blocks  at  Skrainka,  in  Madison 
<)ounty. 

14.  In  a  diamond  drill  hole  in  the  limestone,  just  west  of  Shep- 
herd mountain,  the  St.  Louis  Ore  and  Steel  Go.  at  one  time  struck  a 
dike  rock  at  a  depth  of  about  250  feet,  approximately  at  the  same  depth 
■at  which  porphyry  was  found  in  the  other  places  near  by.  It  is  a 
beautiful  steel-gray  rock,  composed  principally  of  white  feldspar  and 
dark  augite,  the  crystals  of  each  mineral  sometimes  being  one-half 
inch  in  length.  When  polished  it  is  very  handsome,  and  would  make 
an  unusually  fine  ornamental  stone  if  it  could  be  had  in  sufficient 
quantity  and  of  proper  dimensions.^ 

THB  GRANITES. 

The  granites  of  this  area  are  very  important,  both^from  a  commer* 
<Ab1L  and  a  scientific  standpoint. 

]lilineralogical  Composition  of  Oranites. — The  constituent  minerals 
are  principally  quartz  and  feldspar,  with  the  microscopic  accessories, 
such  as  rutile  hairs  in  the  quartz  and  zircon  crystals  in  the  feldspar. 
The  quartz  is  the  ordinary  variety,  usually  without  distinct  outline, 
but  occasionally  with  a  few  partially-developed  crystallographic  faces. 
The  feldspars  include  the  two  potash  feldspars,  orthoclase  and  micro- 
dine,  and  also  oligoclase,  with  possibly  small  amounts  of  andesine.  In 
a  few  places  black  mica  occurs,  but  is  never  evenly  disseminated ;  the 
segregations  vary  in  size  from  that  of  a  bird's  egg  to  three  or  more 
feet  in  diameter,  and  are  a  great  hindrance  to  the  quarrying  of  the  rock 
for  such  portions  are  of  little  value.  Only  in  the  rarest  cases  has  horn- 
blende been  found,  and  then  only  as  a  few  scattered  crystals.     In 

iThU  dike  U  not  repreflented  on  the  mmp  beoanse  It  hM  no  tnxflMe  expoeure. 
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weathered  specimeDS  the  feldspars  are  sometimes  decomposed,  pro- 
daoing  mascovite  and  epidote  as  secondary  products. 

Texture  of  the  Oranites. — The  texture  of  the  granites  approaches 
the  porphyritic.  But  few  places  have  been  seen  in  which  the  rock 
might  not  quite  as  well  be  called  a  granite  porphyry.  At  some  of  the 
large  qnarrieh  phenocrysts  of  feldspar  may  be  found  an  inch  or  more 
long.  In  other  places  the  texture  becomes  finer  until  the  rock  grad- 
ually changes  into  a  porphyry. 

It  is  very  common  for  the  feldspars  to  assume  the  role  of  a 
ground  mass  in  which  the  quartz  crystals  are  imbedded.  In  such 
cases  the  feldspar  crystals  are  large,  and  have  mutually  interfered  with 
each  other  in  their  formation,  producing  a  granular  structure  throngb 
which  smaller  quartz  crystals  are  scattered  irregularly,  precisely  as  they 
are  scattered  through  the  ground  mass  of  a  quartz  porphyry.  This  is 
particularly  well  represented  in  the  granites  in  the  vicinity  of  Stone. 
Again,  the  quartz  crystals  are  formed  in  spaces  between  the  feldspars; 
here  they  occasionally  have  crystallographic  faces,  indicating  that  they 
were  formed  prior  to  the  solidification  of  feldspathic  material,  or  at 
other  times  they  fill  the  irregular  spaces  between  the  feldspar  crystals,, 
as  though  they  were  formed  last. 

Distribution  of  the  Oranites. — The  granites  of  this  sheet  are  located 
in  two  distinct  areas,  with  an  occasional  small  patch  here  and  there 
within  the  porphyry.  These  two  main  areas  may  be  named  the  Granite- 
ville  area  and  the  Stout's  creek  or  St.  Francois  river  area,  because 
largely  exposed  along  each  of  these  streams. 

The  Graniteville  area  is  by  far  the  most  widely  known,  on  account 
of  the  extensive  quarries  in  active  operation.  It  occupies  a  strip  of 
land  about  one-fourth  of  a  mile  wide  and  nearly  a  mile  long,  trending 
north  and  south.  The  whole  is  bounded  by  limestone,  excepting  the 
northern  and  northeastern  portions,  which  connect  with  a  small  por- 
phyry hill.  The  granite  here  is  red  in  color,  excepting  such  portions 
as  are  mottled  by  black  mica.  It  is  very  coarse  grained,  and  has  many 
feldspar  phenocrysts,  some  of  which  are  nearly  two  inches  in  diameter. 

A  little  less  than  a  mile  to  the  south  of  this  area,  but  in  the  direc- 
tion of  its  trend,  is  another  small  exposure  of  granite,  generally  known 
as  the  Pilot  Knob  company's  quarry.  The  granite  is^  almost  indistin- 
guishable from  that  at  Graniteville.    The  rock  is  very  coarsely  grained 
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ftnd  decidedly  porphyritio  in  texture.  Many  of  the  feldspar  crystals. 
measure  one  and  a  half  inches  in  length.  The  quartz  grains  are 
also  very  often  well  formed  so  that  they  may  be  called  hypodiomorphic. 

The  Stout's  creek  area  is  very  large,  covering  many  square  miles, 
and  is  joined  on  the  east  by  an  equally  large  area,  extending  beyond 
the  limits  of  the  sheet.  Going  eastward  from  Ironton,  one  finds  it 
near  the  county  line  between  Iron  and  St.  Francois  counties.  As 
shown  on  the  map,  the  boundary  line  between  the  granite  on  the  east 
and  the  porphyry  on  the  west  is  an  irregularly  curved  line  trending  in 
«  northwest  and  southeast  course.  To  the  south  it  reaches  about  a 
mile  below  the  old  silver  mines  on  the  St.  Francois  river,  and  to  the 
north  beyond  Stono.  It  might  well  be  expected  that  in  so  large  an 
area  the  nature  of  the  granite  would  vary  greatly ;  but,  with  few  ex- 
ceptions, this  is  not  the  case.  Along  Stout's  creek,  and  to  a  less  extent 
on  Brewer's  creek,  the  rock  is  as  free  from  porphyritic  properties  as 
any  in  the  state.  Here  also  the  rook  contains  a  small  amount  of  black 
mica,  uniformly  distributed,  and  a  few  crystals  of  hornblende  have  been 
noted.  In  general  appearance  the  granite  is  like  that  at  the  Milne  and 
Gordon  quarry  at  Syenite.  But  to  the  north  of  this,  all  the  way  to 
Stono,  there  is  little  or  no  variation ;  great  masses  of  a  dark  pink  or 
red  granite,  composed  of  quartz  and  feldspar,  with  here  and  there  a 
slightly  different  texture,  are  everywhere  encountered.  As  one  ap- 
proaches the  western  limit  of  the  granite,  on  a  high  hill  within  the  area, 
the  texture  becomes  more  allied  to  the  porphyritic. 

In  addition  to  the  two  foregoing  large  areas  there  are  the  following 
smaller  ones  which  are  of  considerable  scientific  interest : 

1.  On  the  south  western  side  of  the  north  hill  at  the  Shut-In  there  is 
visible  from  the  road  a  narrow  strip  of  granite,  red  in  color,  composed 
entirely  of  quartz  and  feldspar,  with  a  texture  tending  strongly  toward 
the  porphyritic.  Several  acres  are  covered  by  this  rock.  Sometimes 
the  porphyry  intervenes,  cutting  the  granite  areas  into  two  or  more 
sections,  and  it  extends  in  this  irregular  way  for  more  than  a  mile,  the 
most  western  exposure  being  on  the  north  part  of  the  land  belonging 
to  Mr.  Hutchins,  in  section  3.  Each  of  these  areas  would  furnish  an 
excellent  rock  for  paving  blocks,  and  probably  good  dimension  stone 
could  be  obtained. 

2.  Southeast  from  this  place,  in  the  southern  part  of  section  2, 
township  33  N.,  4  E.,  on  a  northwestern  hillside,  is  another  small 
area  of  about  five  acres,  similar  to  the  one  just  described.    In  general 
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appearance  and  fhiotnre  this  rock  is  very  mach  like  a  granite.  A  micro* 
Bcopic  examination,  however,  showed  that,  in  reality,  it  is  a  porphyry. 
It  is  composed  of  large  feldspar  crystals,  which  constitute  more  than 
half  of  the  mass,  with  a  fine-grained,  ground  mass  filling  the  spaces 
between,  composed  of  an  intimate  mixture  of  quartz  and  feldspar. 

3.  In  the  southern  part  of  township  33  K,  3  E.,  are  two  small 
areas  of  granite  which  cover  only  a  few  acres.  One  is  in  section  27^ 
about  half  mile  west  of  Hogan,  the  other  is  in  section  29.  The  granite 
here  is  composed  of  quartz  and  feldspar,  with  only  an  occasional  trace 
of  black  mica,  which,  near  the  surface,  is  usually  changed  to  chlorite*. 
It  is  comparatively  fine-grained,  yet  has  the  usual  granite  fracture,  and 
in  weathering  produces  the  large,  rounded  boulders,  so  common  on 
granite  hillsides.  Under  the  microscope  it  is  seen  to  contain  pheno* 
crysts  of  feldspar  imbedded  in  a  coarsely  crystalline  ground  mass 
coniposed  of  quartz  and  feldspar  crystallized  together,  producing  the 
granophyric  micropegmatitic  structure.  In  the  exposure  near  Hogan 
the  granite  is  a  little  finer  grained  than  at  the  other  place. 

THE   PORPHYRIES.^ 

The  porphyries  of  the  Iron  Mountain  sheet  are  abundant  and  va* 
ried.  Their  distribution  can  best  be  understood  by  a  reference  to  the 
map.    They  occupy  nearly  one-half  of  the  entire  sheet. 

In  color  they  are  usually  some  shade  of  red,  or  reddish-brown, 
often  approaching  a  dull,  rose-pink,  and  shading  down  into  a  dark, 
brownish  terra  cotta.  Occasionally  the  various  tints  of  red  are  want- 
ing, being  replaced  by  dark  gray,  which  passes  through  steel  gray  into 
black. 

Mineralogical  Composition  of  Porphyries. — The  porphyries  are  com- 
posed of  quartz  and  feldspar,  with  iron  oxide  in  small  grains  almost 
always  scattered  through  the  mass.  The  quartz  is  of  the  ordinary  kind, 
and  is  often  flUed  with  gas  babbles,  and  not  infrequently  has  numerous 
long,  slender,  bair-like  inclusions  of  rutile.  The  feldspar  is  always 
either  orthoclase  (microcline),  or  one  of  the  acid  members  of  the  triclinic 
series,  albite  oligoclase  or  andesine.  So  far  as  yet  examined,  there  is  no 
indication  of  a  more  basic  feldspar  ever  occurring.  It  is  very  com- 
mon to  find  two  or  more  of  the  feldspars  in  the  same  mass,  either  with 

iThe  name  porphyry  Is  here  used  to  cover  all  the  rocks,  which  ftom  time  to  time  have  been 
have  been  designated  by  aifferent  authors  by  one  or  more  o^  the  following  names :  Quartz  porphyry , 
feldspar  porphyry,  felsite,  felsophvre,  orthophyre,  etc,  It  seems  to  be  more  appropriate  than  any 
one  of  the  last  names,  especiaUy  since  it  has  been  so  widely  introduced  In  the  country  described 
that  almost  every  citizen  is  not  only  familiar  with  the  name,  but  can  also  recognize  the  rock. 
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or  withoat  the  association  of  quartz.  The  few  magoesian  silicates  are 
rarely  foand,  and  then  only  in  minute  crystals  or  grains.  In  some  of 
the  partially  decomposed  porphyries,  epidote  and  occasionally  calcite 
may  be  noticed,  bat  they  shonld  be  looked  upon  as  secondary  prodacts. 

Texture  of  the  Porphyries. — The  texture  of  the  porphyries  is  com- 
paratively uniform,  bat  varies  within  narrow  limits.  The  ground  mass, 
or  the  main  mass  of  the  rock,  is  fine-grained,  so  that  microscopically 
it  appears  to  be  a  compact,  homogeneous  mass,  but  under  the  micro* 
scope  it  is  usually  seen  to  be  holocrystalline,  and  only  in  the  rarest 
cases  can  any  glassy  or  uncrystallized  matter  be  found.  Scattered 
through  this  compact  ground  mass  we  usually  find  larger  crystals  of 
quartz,  or  feldspar,  or  both,  ranging  from  microscopic  dimensions  to  an 
eighth  of  an  inch  in  diameter ;  but  there  is  the  greatest  irregularity  in 
their  distribution ;  in  some  places  they  are  wholly  wanting,  while  per- 
haps 20  feet  away  they  are  quite  abundant.  These  phenocrysts  are 
always  badly  corroded,  having  been  partially  redissolved  by  the  magma 
before  it  solidified. 

In  places  these  rocks  exhibit  the  wavy  lines  or  marks  produced 
by  the  movement  of  the  liquid  lava  before  cooling,  and  made  more  ap- 
parent by  slight  inequalities  in  the  constitution  of  the  lava.  Such 
phenomena,  known  as  flowage  structures,  are  represented  in  miniature 
by  the  flowage  lines  in  the  slags  from  our  modern  smelting  furnaces. 
In  the  porphyries  these  lines  curve  around  the  included  fragments  and 
crystals,  and  they  argue  strongly  in  favor  of  the  eruptive  origin  of  these 
rocks. 

The  brecciation  of  the  porphyry  is  very  noticeable.  Portions  of 
Shepherd  mountain,  Pilot  knob,  Oedar  hill,  Buzzard  mountain  and  of 
nearly  all  of  the  hills  lying  to  the  southeast  of  Pilot  knob,  possess 
this  property  in  a  marked  degree.  The  fragments  in  the  breccia  are 
themselves  composed  of  porphyry,  which,  in  general,  is  the  ordinary 
kind.  They  often  have  their  angles  fused  or  dissolved  off,  and  in  this 
way  they  merge  into  the  mass  of  the  porphyry  around  them.  The 
microscope  shows  that  there  is  no  essential  difference  between  the 
two,  and  (hat  the  fragments  are  visible  principally  because  they  chance 
to  have  a  slightly  different  color. 

Distribution  of  the  Porphyries.  —  It  is  practically  impossible  to 
give  geographic  boundaries  for  each  of  the  variations  in  color,  com- 
position and  texture.  Such  a  task  would  require  an  inordinate  amount 
of  detailed  field  work.    All  that  will  be  attempted,  therefore,  in  this 
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line  is  to  mention  a  few  places  in  which  typical  examples  of  the  differ- 
ent kinds  may  be  found. 

Immediately  west  of  Middlebrook  is  a  dark  gray  porphyry  consist- 
ing of  a  fine-grained  ground  mass  filled  with  white  triclinic  feldspar 
crystals,  which  have  a  specific  gravity  of  2.665,  indicating  they  are 
andesine.  Along  the  road  leading  east  from  Iron  Mountain,  southeast 
of  Wolf  mountain,  in  section  3,  township  34  K.,  4  E.,  a  very  com- 
pact, fine- grained,  almost  black  porphyry  is  exposed.  No  pheno- 
crysts  of  any  kind  were  noticed,  though  a  thin  section  showed  an 
included  fragment.^  Along  the  northern  foot-hill  of  Anderson  monn 
tain,  in  section  21,  township  34  N.,  4  E.,  another  unusually  black 
porphyry  may  be  seen.  This  also  is  fine-grained  and  very  compact  in 
appearance.  Porphyries  of  a  red  color  occur  in  the  vicinity  of  Iron 
Mountain,  Middlebrook,  Pilot  Knob,  Ironton  and  many  other  places. 

The  brecciated  porphyry  is  particularly  abundant  on  Oedar  hill, 
Buzzard  mountain,  and  on  almost  all  the  porphyry  hills  to  the  southeast 
of  Pilot  knob  for  a  distance  of  four  or  five  miles.  In  a  few  places  on  the 
western  side  of  Shepherd  mountain  the  brecciated  nature  of  the  rock 
is  very  apparent,  some  fragments  being  fully  two  inches  in  diameter* 
In  these  fragments  the  flowage  lines  are  also  often  well  marked. 

The  porphyries  bearing  crystals  of  feldspar  and  quartz,  may  be 
found  on  almost  every  hill.  The  feldspar  crystals  are  particularly 
abundant  on  Shepherd  mountain,  just  west  of  Middlebrook,  in  many 
places  on  Taum  Sauk  mountain  and  on  Grassy  mountain. 

RELATIONS  OF  GRANITE  AND  PORPHlfRY. 

Observations  within  the  limits  of  this  sheet  and  elswhere  have  re- 
vealed numerous  instances  of  a  gradual  change  in  these  rocks  from 
the  texture  of  a  ])orphyry  to  that  of  a  granite,  and  rice  versa.  The 
conclusion  has  therefore  been  reached  that  the  granite  and  porphyries 
were  formed  from  the  same  or  similar  molten  ma<?ma8,  and  that  their 
difiference  in  texture  is  due  principally  to  their  solidifying  under  differ- 
ent physical  condition,  and  secondarily  to  a  slight  lack  of  homogeneity 
in  the  magma.  The  unusually  long  boundary  lines  between  the  two  rock 
masses  in  this  area,  and  the  numerous  small  isolated  patches  of  granite 
already  located  make  it  possible  to  adduce  many  instances  of  gradation 
between  the  two  rock  masses,  a  few  of  the  more  important  of  which 
will  be  mentioned. 

iSee  Bui.  5.  Mo.  Geol.  Sdi.,  p.  80,  FJg.  4  B.    The  location  given  tliorc  ie  incorrect;  it  should 
be  8   W.  (laarter  Sec.  8. 
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1.  Near  the  boundary  line  between  the  granite  and  porphyry  on 
the  bank  of  Eopk^  creek,  in  section  9,  township  33  N.,  5  E.,  a  shaft 
was  sunk  years  ago  nearly  50  feet  deep.  A  carefal  examination  made 
of  the  walls  showed  that,  though  the  rock  at  the  surface  is  a  distinct 
porphyry,  as  one  descends  the  texture  becomes  coarse,  somewhat 
irregularly,  until  at  the  depth  of  20  feet  it  is  that  of  an  ordinary  gran- 
ite. 

2.  About  two  and  a  half  miles  to  the  northwest,  along  Stout's 
creek,  similar  conditions  may  be  observed.  In  a  number  of  places  the 
rock  in  the  bed  of  a  stream  is  a  granite,  while  the  hill-top  near  by  is  a 
porphyry.    In  such  cases  the  change  is  very  gradual. 

3.  Still  farther  to  the  northwest,  in  section  24,  township  34  N., 
4  E.,  the  contact  line  follows  along  on  the  east  hillside.  This  is  an  unu- 
Bually  good  place  for  observing  the  relations.  Four  or  five  different 
ledges  are  here  exposed,  one  portion  of  each  of  which  is  granite  and 
the  other  porphyry,  with  no  indication  of  a  break  between  them. 

4.  North  of  this  last  locality,  from  two  to  four  miles,  is  a  large 
hill  called  Buck  mountain,  which  is  entirely  surrounded  by  granite. 
Approaching  the  hill  from  either  the  south  or  west  sides,  one  notes  that 
the  quartz  first  becomes  prominent  as  phenocrysts,  and  then  that  the 
texture  of  the  ground  mass  changes  so  that  parts  of  the  hill  may  be 
called  a  porphyry,  but  nowhere  is  the  change  sufficiently  rapid  for  a 
distance  of  20  feet  to  witness  much  variation. 

5.  In  the  Graniteville  area,  and  also  at  the  Pilot  Knob  company's 
quarry  near  by,  the  porphyry  and  granite  meet  without  any  indication 
of  difference  in  their  origin.  The  transition  is  more  rapid  than  in  some 
of  the  places  mentioned  above,  but  it  is  sufficiently  gradual  to  admit  of 
the  same  explanation. 

Other  portions  of  America  and  different  localities  in  Europe  have 
furnished  examples  of  one  and  the  same  magma  assuming  different 
textures  in  different  places,  due  principally  to  a  difference  of  physical 
•conditions  during  solidification.  But  it  is  doubtful  if  an  occurrence  has 
yet  been  described  which  illustrates  this  condition  so  well,  or  on  so 
large  a  scale,  as  do  these  here.  There  are  literally  hundreds  of  places 
where  the  phenomenon  can  be  observed,  with  only  here  and  there  one 
in  the  whole  Missouri  Archean  which  bears  evidence  of  the  granite 
having  been  forced  up  through  the  porphyry. 
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THE  ALGONKIAN  ROCKS- 

In  addition  to  the  foregoing  description  of  crystalline  rooks  of 
Arohean  age,  certain  Algonkian  conglomerates  and  slates  are  found 
which  are  to  be  described  in  this  connection. 

Of  these  rocks  the  most  important  and  almost  the  only  ones  refer- 
able to  the  Algonkian  are  foand  on  Pilot  knob.  On  the  sammit  of 
the  hill  is  a  cap  of  conglomerate  and  slates  about  200  feet  thick^ 
which  includes  the  ore  bed.  On  the  northeastern  side  of  the  hill  the 
bedding  structure  is  very  perfect.  The  layers  are  about  12  inches  thick, 
but  many  of  these  in  turn  are  subdivided  into  much  thinner  layers* 
The  most  perfect  stratification  is  comparatively  close  to  the  ore  bed- 
Higher  up  it  becomes  much  less  noticeable.  On  the  northwestern  and 
western  sides  of  the  hill  the  stratification  is  not  at  all  apparent;  neither 
is  it  on  the  southern  side.  The  gradual  transition  from  the  one  struc* 
ture  into  the  other  may  be  well  observed  by  passing  around  the  north- 
em  side  of  the  hill.  At  tunnels  Nos.  1  and  2  the  massive  nature  is 
very  pronounced,  there  being  a  score  or  more  vertical  joints  to  one 
which  appears  to  be  a  seam  produced  by  bedding.  About  the  middle 
of  the  hill,  on  the  northern  side,  the  bedding  seams  begin  to  appear, 
and  thence  they  increase  in  abundance  to  the  northeastern  and  eastern 
sides,  where  they  are  dominant. 

The  rocks  are  mostly  conglomeratic,  but  vary  greatly  in  this  re- 
spect. On  the  northeast,  where  the  bedding  is  the  most  perfect,  the 
included  fragments  are  few.  Passing  westward  and  toward  the  sum- 
mit, the  fragments  become  very  numerous ;  but  when  the  west  side  of 
the  hill  is  reached,  in  the  rocks  which  have  the  most  massive  appear- 
ance, the  fragments  disappear  entirely.  The  most  perfectly  bedded 
rocks,  therefore,  and  those  which  are  most  massive,  are  freest  from 
included  fragments,  while  the  intermediate  grades,  and  especially 
those  near  the  summit,  are  filled  with  them. 

The  matrix  in  all  of  those  rocks  is  a  fine  felsitic  mass  mixed  inti- 
mately with  varying  amounts  of  hematite.  In  places  the  ore  forms 
almost  the  entire  body  of  the  rock,  while  in  other  portions  the  felsitic 
material  greatly  predominates. 

The  fragments  of  the  conglomerate  are  principally  porphyry. 
Occasionally  pebbles  of  a  light  colored  material  are  found  which 
closely  resemble  chert.  A  large  majority  of  such  pebbles,  however,, 
upon  close  examination,  proved  to  be  porphyry  fragments  which  have^ 
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been  bleached  by  weathering  to  a  light  color.  In  addition,  to  these 
there  are  nnmerons  pellncid  quartz  crystals  closely  resembling  the 
phenocrysts  in  quartz-porphyry.  In  size  the  fragments  vary  from  more 
than  twelve  inches  in  diameter  to  microscopic  dimensions.  In  shape 
the  great  majority  are  angular,  looking  as  if  they  had  just  been  broken 
from  the  solid  rock ;  while  others  are  partially  rounded  as  though  they 
had  been  somewhat  water-worn. 

The  ore  bed  is  located  near  the  base  of  this  series,  and,  in  a  gen- 
eral  way,  has  a  strike  a  little  south  of  east,  with  a  corresponding  dip  a 
little  to  west  of  south  of  about  13  degrees.  But  there  is  considerable 
variation  in  this.  On  the  northeast  and  east  the  dip  is  to  the  south- 
east ;  on  the  west  it  is  to  the  southwest.  The  angle  of  the  dip  is  also 
quite  variable.  In  the  face  of  the  long  wall,  exposed  at  the  opening 
of  tunnel  No.  2,  the  ore  bed  can  be  traced  for  nearly  a  hundred  feet^ 
duriog  which  distance  it  drops  about  one  foot  in  ten.  Suddenly,  how- 
ever, it  changes  to  an  inclination  of  nearly  45  degrees,  and  the  stratifi- 
cation becomes  scarcely  visible. 

About  a  mile  and  a  half  south  of  Pilot  Knob,  on  the  south  bank  of 
Stout's  creek,  at  the  wagon  bridge  on  the  road  between  Ironton  and 
Arcadia,  the  Paleozoic  limestone  has  been  worn  away,  exposing  a  little 
patch  of  conglomerate,  less  than  two  rods  square,  which  also  deserves 
mention.  The  matrix  is  entirely  felsitic,  and  at  numerous  places  has 
little  pellucid  quartz  crystals  strongly  resembling  phenocrysts  in  quartz 
porphyry.  The  included  pebbles  of  porphyry  vary  in  size  from  the 
microscopic,  to  three  or  four  inches  in  diameter.  Some  of  them  are 
very  angular,  while  others,  especially  the  larger  ones,  are  well  rounded 
as  though  water- worn.  The  compact  fresh  matrix  holds  the  fragments 
so  snugly  that  when  a  mass  is  broken  the  fracture  line  passes  through 
the  fragments.  It  is  difficult  to  say  whether  this  exposure  is  or  is  not 
a  member  of  the  Pilot  knob  series.  It  is  somewhat  similar  in  compo- 
sition and  texture ;  but  as  there  is  no  known  connection,  it  is  almost 
entirely  gratuitous  to  call  it  a  part  of  the  same. 
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THE  PALEOZOIC  ROCKS, 

By  Arthur  WIdbIow. 

Distribution  and  Area.  —  The  present  area  of  the  Paleozoic  rocks 
within  the  Iron  Mountain  sheet  is,  in  round  numbers,  87  square  miles. 
The  original  area  was  doubtless  much  greater.  The  marginal  lines  at 
present  are  anywhere  between  the  1000  ft.  and  1600  ft.  contours.  It  is 
probable  that  originally  the  sediments  were  at  a  uniform  altitude,  and 
reached  or  extended  above  the  latter  line.  With  the  topography  of 
this  country,  such  a  vertical  extension  means  an  expansion  of  the  area 
covered,  over  nearly  the  entire  sheet.  The  present  variation  in  alti- 
tude of  the  marginal  line  is  due  almost  entirely  to  the  differences  in 
the  intensity  of  erosion  at  different  localities.  The  details  of  areal 
distribution  of  these  rocks  are  already  shown  on  the  accompanying 
map,  and  do  not  need  further  description  here.  Suffice  it  to  repeat, 
that  they  are  generally  confined  to  the  valleys  between  the  granite  and 
porphyry  mountains. 

LITHOLOGY  AND  MINERALOGY. 

The  rocks  of  this  series  include  dolomites,  magnesian  limestones, 
marbles,  chert,  shales,  sandstones,  grits  and  conglomerates.  The  dolo- 
mites are  by  far  the  most  abundant,  and  the  sandstones  are  probably 
next  in  quantity. 

The  Magnesian  Limestones, — The  magnesian  limestones  are  present 
in  beds  of  great  thickuess.  They  are  generally  a  coarse,  crystalline 
dolomite  of  a  pale,  buffish  color,  though  sometimes  they  have  a  com- 
pact texture  and  are  of  a  pale  gray  color.  In  composition  they  are 
nearly  a  pure  dolomite,  with  approximately  the  theoretical  percentages 
of  lime  and  magnesia,  and  with  variable  percentages  of  silica  and  iron. 
The  following  table  of  aualyses,  derive<l  from  various  sources,  will 
give  a  good  idea  of  the  composition  of  these  rocks : 

T4BLE   OF   ANALYSES   OF   DOLOMITES   AND    MARBLE. 
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Nob.  1,  2,  3,  are  from  Mace'8  qaarry,  sectioD  8,  township  33  N.,  4  B.    Analyzed 

by  Mr.  K.  GhauveDet,  Rept.  Mo.  Qeol.  Sur.,  1872.    Part  I,  pp.  6  aD;d  7. 
No.  4  is  a  pyrltlferouB  ilmestOQe  from  the  same  looality,  analyzed  by  Mr.  R.  Chan- 

Yenet.    Ibid,  p.  6. 
No.  5  18  a  specimen  from  quarry  northwest  of  Iron  Mountain,  used  as  flux  at  the 

furnace  at  that  place.    Analyzed  by  Dr.  Litton.    Ibid,  p.  6. 
No.  6  Is  an  average  sample  of  the  last.    Analyzed  by  Dr.  Wendell  of  Troy,  N.  Y. 

Ibid,  p.  7. 
No.  7  Is  an  average  sample  of  the  limestone  from  the  quarry  at  Pilot  Knob,  also 

used  as  flux.    Analyzed  by  Dr.  Wendell.    Ibid,  p.  7. 
No.  8  Is  a  sample  from  Pilot  Knob  quarry,  analyzed  by  Mr.  J.  T.  Monell 
No.  9  is  a  sample  of  marble  from  the  Kramel  land  (section  2,  township  22  N.,  3 

B.),  by  Mr.  J.  D.  Robertson,  laboratory  of  the  Mo.  Geol.  Survey. 

The  silica  in  many  of  these  limestones  is  plainly  recognizable  to 
the  eye,  and  constitutes  a  considerable  portion  of  the  rock.  Analysis 
4,  in  the  above  table,  indicates  this,  while  one  made  by  Mr.  Robertson 
of  a  crystalline  dolomite  from  a  drill-core  from  near  Granite ville,  yielded 
63  per  cent  of  silica.  It  is  a  chemico- mechanically  formed  rock.  Such 
mixtnres  of  sandstone  and  limestone  are  very  numerous,  and  it  is  diffi- 
cult to  know  just  where  to  draw  the  dividing  line.  The  presence  of  a 
large  amount  of  silica  in  the  limestones  affects  the  diamond  drill  very 
much  as  do  some  well-defiDed  sandstones,  and  hence  confusion  often 
results  in  determinations  made  by  the  average  drill-man. 

Gradations  from  limestone  into  shale  and  grit  also  occur,  especially 
along  the  contact  of  the  beds  with  the  Archean  rocks,  but  these  are ' 
not  so  numerous  or  confusing  as  are  those  between  the  limestone  and 
sandstone. 

The  more  crystalline  varieties  of  the  limestone  are  characteristically 
open  and  porous,  being  frequently  filled  with  small  vugs  which  are 
lined  with  fine  dolomite  crystals  and  often  contain  crystals  of  iron 
or  copper  pyrite.  In  the  more  crystalline  varities  large  porphyritic 
crystals  of  calcite  frequently  occur,  indicating  an  excess  of  lime.  The 
denser  limestones  are  less  crystalline  in  structure,  and  the  constituent 
particles  are  of  sub-angular,  almost  rounded  outlines,  resembling  those 
of  a  mechanically  formed  rock.  Such  limestones  are  also  more  fre- 
quently associated  with  quartz.  Some  of  the  limestones  have  a  green- 
ish tinge,  due  to  a  small  percentage  of  chlorite. 

The  localities  are  numerous  where  limestones  crop  out,  but  those 
most  favorable  for  observation  are  the  quarries  at  Iron  Mountain  and 
Pilot  Knob,  the  Belleview  valley  and  the  hill  slopes  immediately  south 
of  Arcadia. 
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The  Marbles. — The  marbles  are  crystalline  limestones  of  the  Paleo- 
zoic series.  They  are  not  coarsely  crystalline,  but  very  dense  and  finely 
crystalline.  They  are  traversed  by  nnmeroas  seams  of  calcite.  They 
are  of  gray  and  pink  colors,  and  occur  in  beds  ranging  np  to  one  foot 
in  thickness.  Some  of  these  beds  are  very  open  or  vesicular,  the 
openings  being  filled  with  a  bright  red  clay,  and  giving  the  rock  a 
nodular  appearance  in  section.  These  marbles  are  almost  pure  carbon- 
ate of  lime,  as  analysis  No.  9,  of  the  preceding  table,  of  a  specimen 
from  the  Kramel  land  ( Sec.  2,  T.  22  N.,  3  E.),  shows. 

The  marked  difference  in  composition  between  the  marbles  and 
the  magnesian  limestones  of  this  region,  may  lead  to  an  explanation  of 
their  origin.  A  discussion  of  this  subject  will  not  be  attempted  here, 
however.  The  only  noteworthy  localities  in  which  marbles  occur  in 
the  Iron  Mountain  sheet,  is  the  one  noted  above,  and  another  south  of 
Arcadia,  in  section  19,  township  22  N.,4  E.,  both  of  which  are  indicated 
on  the  map.^ 

The  Cherts. — The  cherts  occur  exclusively  in  blocks,  nodules  and 
fragments,  scattered  over  the  lower  hills  or  buried  in  the  surface  soil 
or  clay.  Nowhere  have  strata  of  chert  been  observed  in  our  area. 
Over  all  of  the  limestone  valleys  these  nodules  of  chert  are  found. 
East  of  IroDton  and  west  of  Graniteville  they  are  particularly  abund- 
ant. They  have  a  sraooth,  rounded  outline,  a  sharp  conchoidal  fracture 
and  frequently  a  more  or  less  distinct  concentric  structure. 

On  the  top  of  the  low  hill  above  the  cemetery,  jast  south  of 
Middlebrook,  are  great  masses  of  chert,  as  much  as  six  feet  in  diameter. 
These  are  of  angular  outlines,  and  resemble  porphyry  blocks.  The 
chert  is  here  particularly  dense,  tough  and  devoid  of  structure.  It 
is  of  a  dull,  pale  gray,  almost  white  color. 

Along  the  road  to  Belleview  from  Graniteville,  several  "Flint  hills" 
are  crossed,  which  are  abundantly  covered  by  chert  nodules. 

The  Shales. — Shales  are  not  abundant  nor  important  members  of 
the  series  here.  They  are  frequently  found  near  the  base  of  the  col- 
umn, near  the  contact  between  these  rocks  and  the  underlying  porphy- 
ries. In  such  cases  they  are  composed  almost  entirely  of  a  fine,  argilla- 
ceous, clay-like  material,  derived  from  the  decomposition  of  the  older 
rocks.  Such  clay  shales  are  well  represented  along  the  ravines,  and 
in  the  mine  at  Iron  Mountain. 

1  A  farther  deecription  of  tbese  marbles,  witb  especial  reference  to  their  industrial  uses,  will 
be  found  on  a  later  page  of  this  report,  under  the  head  of  Economic  Geology. 
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Elsewhere  the  shales  are  compact  and  laminated,  and  of  the 
fbmiliar,  dark  bluish  gray  color,  strongly  argillaceons.  Such  shales 
are  found  near  the  bottom  of  the  drill-holes  pat  down  near  Graniteville 
«nd  Ironton.  These  are  located  on  the  map  and  will  be  described  in 
detail  later.  Shales  of  an  arenaceous  character  also  occur ;  they  are 
really  sandstones  of  extremely  fine  texture,  the  constituent  grains  being 
as  small  as  zhs  of  an  inch  in  diameter.  Such  shales  are  represented 
in  the  drill-holes  above  referred  to,  and  also  in  others  put  down  at 
Pilot  Knob. 

The  Sandstones. — Sandstones,  like  the  shales,  generally  occur  near 
the  base  of  the  series,  with  no  limestones  beneath.  But  this  is  not 
always  the  case ;  for,  in  some  sections,  extensive  beds  of  sandstone 
are  represented  underlain  by  thick  beds  of  limestone.  The  rock  is 
normally  of  a  loose,  friable  texture,  composed  almost  entirely  of  sub- 
angular  grains  of  quartz,  in  which  secondary  enlargement  of  crystals 
is  abundantly  exhibited,  the  silicification  not  having  proceeded  far 
enough  in  most  cases,  however,  to  produce  a  quartzite.  It  is  some- 
times of  a  drab  or  white  color,  but  is  generally  stained  yellow.  When 
>  in  close  contact  with  porphyry,  it  frequently  contains  particles  of  that 
rock  which  imparts  a  different  color.  Bock  of  the  latter  character  is 
abundantly  represented  between  the  porphyry  hills,  just  east  of  Iron 
Mountain.  Other  varieties  of  sandstone  are  exposed  in  mining  exca- 
vations on  the  slopes  of  the  mountain,  and  in  quarries  and  road-cuts 
west  and  north  of  that  place.  In  the  Belleview  valley,  especially  along 
Cedar  creek,  are  many  outcrops  of  sandstone.  Between  Middlebrook 
and  Pilot  Knob,  west  of  the  railway,  is  a  sandstone  quarry  which  has 
been  worked  for  bridge  piers ;  and  west  of  Ironton,  on  the  slope  of 
Shepherd  mountain  is  another. 

Conglomerates. — The  conglomerates  are  confined  to  the  base  of  the 
fieries,  at  the  contact  with  the  underlying  porphyry  or  granite.  They  are 
uniformly  of  the  nature  of  a  coarse  pudding-stone,  the  boulders  being 
well  rounded.  The  latter  may  be  either  granite,  porphyry  or  hematite, 
according  to  the  nature  of  the  contiguous  rocks.  They  vary  in  size 
from  pebbles  up  to  boulders  several  feet  in  diameter.  Those  a  foot  or 
so  in  diameter  are  probably  most  common.  Fine  examples  of  such 
granite  boulders  are  exhibited  in  the  lower  workings  of  the  lead  mine 
at  Doe  Bun,  where  the  ore  is  worked  close  along  the  contact  At  the 
Iron  Mountain  mine,  fine  developments  of  hematite  and  porphyry  boul- 
ders are  exposed  in  portions  of  the  excavations.    The  drillings  at  Pilot 
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Knob,  at  Ironton  and  at  other  points  within  the  area,  show  the 
presence  of  porphyry  boalders  almost  aniversally  spread  over  the 
Archean  floor.  The  matrix  is  generally  a  shale  or  clay  from  the  decom- 
position of  the  crystalline  rocks,  or  it  may  be  largely  limestone  or  sand- 
stone, as  is  the  case  at  Doe  Ban. 

These  conglomerates,  generally  of  the  less  coarse  varieties,  are 
frequently  exposed  in  road  cats  and  ditches,  along  the  slopes  of  the 
Archean  hills.  Sach  are  exhibited  about  Iron  Mountain  and  also  along 
the  road  to  the  Einstein  mines,  near  the  eastern  border  of  the  sheet* 

MINBBALOGY. 

Few  minerals,  outside  of  the  essential  constituents  of  the  various 
rooks,  are  associated  with  these  strata.  Oalena  is  perhaps  the  most 
worthy  of  notice,  by  reason  of  its  economic  value.  It  occurs  dissem- 
inated in  the  magnesian  limestone  at  Doe  Eun  in  large  quantities.  It 
is  also  found  in  scattered  crystals  at  other  points.  Small  crystals  of 
iron  and  copper  pyrite  are  found  in  vugs  in  the  limestones,  as  are  also 
small  dolomite  and  calcite  crystals. 

STBATIGBAPHY. 

As  an  indication  of  the  distribution  of  the  various  rocks  just 
described,  and  as  illustrating  the  detailed  stratigraphy  of  the  area,  we 
will  now  proceed  to  describe  a  series  of  sections  which  have  been 
obtained  from  various  localities. 

Doe  Run  and  Vicinity. — At  Doe  Run  a  large  number  of  the  drill- 
holes have  been  sunk  in  prospecting  the  lands  of  the  Doe  Run  Lead 
company.  The  results  of  all  this  drilling  were  kindly  placed  at  the 
•  disposal  of  the  writer  by  the  superintendent,  Mr.  F.  P.  Graves.  Most 
of  these  are,  however,  located  beyond  the  sheet  margin.  They,  toge- 
ther with  the  Doe  Run  mine,  are  both  within  the  limits  of  the  adjacent 
Mine  La  Motte  sheet,  and  will  be  fully  treated  of  in  the  report  describ- 
ing that  area.  Hence,  only  three  from  this  locality  are  included  here. 
In  the  southeastern  corner  of  the  S.  E.  i  of  the  N.  E.  i  of  section 
17,  township  44  N.,  5  E.,  a  diamond  drill  hole  was  put  down,  of  which 
the  following  is  a  record  : 
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Section  IfiVo.  1  of -Section  iheet). 

Record  of  Dkill-Boli  No.  1  (on  HerrjmKii  tr»ct). 

AUUude  of  top  of  drUl-hole  about  9S0  ftetA.  T. 

FT. 

1.    Soil  and  cUy 38 

a,    Limeatoae,  ytUovi 36 

3.  LtmeatoDe,  gray 63 

4.  Limestone,  light  gray 9 

5.  Llmeitone,  gray 74 

6.  SkndstoDe,  ^ay  .  ..- 13 

7 .  Skndatoue,  9«tiou 35 

8.  Limeatoae,  light  gray 6 

9.  Limestone,  vihite IS 

10.  Limestone,  Ugld  gray I 

11.  Llmeatone,  gray 19 

12.  Sandstone,  gray 38 

13.  Granite  boulders 13 

U,    Orsnlie,  (ofid 1 

Total  tbIokneM 321 

According  to  otber  records  obtained,  tiro  strata  of  sandstone  are 
not  always  present  in  this  vicinity,  even  when  the  section  is  of  the 
requisite  depth,  and  when  it  is  extended  to  the  granite.  In  some  snoh 
oases  the  two  saudGtooe  beds  are  represented  by  one  bed  of  greater 
thickness.  Sandstone  ia  even  entirely  absent  in  some  botes  which 
reach  the  granite,  bat  in  these  cases  the  contact  is  on  a  hidden  hill 
slope,  above  the  horizon  of  the  sandstone  in  section  I.  The  conditions 
ander  which  the  sandstone  occurs  here  are,  therefore,  somewhat  as  is 
illustrated  in  the  following  flgore : 


Fig.  4.    Ideal  DTOu-iMtlon  at  Doe  Ban,  alioiniig  Mlatlou  of  muiiIiWds  and  Umettona  ticdi. 
Here,  at  1,  a  drill-bole  is  sank  entirely  throagh  limestone  to  the 
granite,  at  2  it  passes  through  a  single  thick  stntnm  of  sandstone,  and 
at  3,  two  strata  of  sandstone  are  enooantered. 
a-2 
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The  sandstone  in  all  the  holes  of  this  vicinity  is  generally  at  or 
near  the  bottom.  Sometimes  a  thin  stratum  of  limestone  separates 
it  from  the  granite,  and  almost  invariably  there  is  a  body  of  granite 
boulders  in  a  limestone  matrix  intervening. 

The  various  colors  of  the  limestone,  indicated  in  the  above  section, 
are  of  litlle  or  no  value  for  purposes  of  correlation ;  they  are  largely 
accidental  characteristics,  and  indicate  more  the  degree  to  which  the 
rock  has  been  acted  upon  by  percolating  waters  than  anything  else. 

In  the  valley,  about  two  miles  northwest  of  Doe  Kun,  and  about 
half  a  mile  north  of  the  6heet  line,  the  following  section  was  encoun- 
tered in  a  diamond  drill  hole : 

Section  II  (No*  2  of  Section  sheet). 

Record  of  Drild-Hole  (Seo.  7,  Twp.  35  N.,5  £.) 

AUiiude  of  surface  perhaps  about  980  feet  A .  T. 

FT. 

1.  SoU  and  clay 7 

2.  Limestone,  white  and  gray 18 

3.  Limefitone ,  green^  some  pyrUe 26 

4.  Limestone ,  gray • 1 

6.  Sandstone,  ti^Ai^« 29 

6.  Limestone,  white 42 

7.  Shale,  argillaceous^  dark 27 

8.  Sandstone 7 

9.  Sandstone,  aofiy  coarsely  grained 27 

Total  thickness 184 

The  introduction  of  a  large  body  of  shale  is  especially  noteworthy 
here,  and  attention  is  also  to  be  called  to  the  facts  of  the  existence  of 
two  beds  of  sandstone,  and  of  the  prevalence  of  sandstone  near  the 
base  of  the  section.  These  conditions  are,  however,  not  all  constant, 
as  is  shown  in  the  following  diagram  constructed  from  the  notes  of  six 
different  diamond  drill  holes,  all  put  down  within  the  same  quarter  sec- 
tion of  section  7.  Their  proximity  to  each  other  is  shown  in  the  small 
diagram  of  the  quarter  section.  No  better  illustration  could  be  pre. 
sented  of  the  extreme  variability  of  the  rock  column  as  previously 
referred  to. 
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Fig  6.~Groap  of  drill-hole  Boctlons  near  Dje  Ran,  lllastratinK  variability  of  Btratlflcation. 

Other  drilling  done  soath  of  this,  in  section  18,  revealed  the  same 
general  conditions  as  are  expressed  in  the  following  notes : 

Section  III  (No,  3  of  Section  sheet  J. 
Notes  of  Drilling  (Sec,  18,  Twp.  35  N.,  5  E.) 

FT. 

1 .    Limeetone,  light  colored at      34 

67 

78 

116 

167 

178 

189 

198 


2.  Llmebtonef  gray,  gf^tiy,  like  sandstone .... 

3.  LimeatODe,  gray^  streaked  wUh  yellow  rock. 

4 .  8bale ,  white  and  soft,  splits  easily 

6.  LimeBtone,  whit^,  harder  than  usual 

6 .  LlmeBtone ,  darker  and  softer  than  last 

7.  Limes  tODe,  gray,  sandy  and  hard 

8.  Sandstone ,  whiiSn  hard 


Total  thickness 198 
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The  most  important  general  conclasions  to  be  derived  from  the 
Btady  of  these  sections,  are  that  the  upper  members  are  uniformly  beds 
of  magnesian  limestone,  of  varying  texture  and  color,  while  the  lower 
members  are  generally  sandstone,  or  9renaceous  limestone ;  that  beds 
of  shale  are  sometimes  found  above  these  lower  sandstone  beds,  and 
that  beds  of  sandstone  exist  in  places  higher  up  in  the  section,  between 
two  limestone  strata,  that  but  such  beds  are  not  constant. 

Proceeding  westward  from  Doe  Bun,  we  x>ass  over  the  great  area 
of  crystalline  rocks  included  in  Stono  mountain  and  the  surrounding 
country.  Thence  west  of  Stono  postoffice  in  the  valley  along  the  turn- 
pike to  Iron  Mountain,  a  coarse,  friable  sandstone  is  encountered  at 
several  places.  It  is  the  lower  member  and  remnant  of  a  series  of 
sedimentary  beds  which  once  existed  in  estuary  like-deposits  between 
the  surrounding  hills.  Such  sandstone  is  exposed  near  the  road  about 
two  miles  west  of  Stono  postofQce.  It  occurs  on  both  sides  of  the 
road  leading  to  Bismarck,  between  Pine  mountain  and  the  opposite  spur 
of  Stono  mountain.  It  is  well  shown  at  the  toll-gate  at  the  northern 
end  of  Pine  mountain,  being  exposed  in  ledges  on  both  sides  of  the  road. 
The  rock  here  is  very  impure,  coarse  and  gritty,  being  composed  of 
grains  of  sand  as  much  as  one-tenth  of  an  inch  in  diameter,  and  includ- 
ing pebbles  of  decomposed  porphyry ;  much  clayey  material,  resulting 
from  the  decomposition  of  porphyry,  is  also  disseminated  through  the 
matrix  of  the  rock,  making  it  soft  and  friable.  It  is  of  a  buffish  yel- 
low color. 

Between  Pine  mountain  and  the  northern  extension  of  Iron  moun- 
tain, similar  sandstone  crops  out.  At  one  place,  at  the  forks  of  the  road, 
about  the  middle  of  section  20,  the  rock  is  a  decided  conglomerate, 
consisting  of  small  pebbles  of  sub-angular  quartz,  and  of  larger  and 
more  rounded  porphyry  fragments,  cemented  by  a  clayey  matrix  of 
decomposed  porphyry.  It  is  a  soft,  friable  rock,  and  lies  close  upon 
the  porphyry  floor. 

Iron  Mountain  and  Vicinity. — Passing  from  thic  to  Iron  Mountain' 
we  have  exposed  in  the  excavations  of  the  mine  at  that  place  beds  of 
limestone  and  sandstone  which  taper  to  a  feather  edge  up  the  moun- 
tain sides.  These  are  well  exposed  in  the  cut  on  Little  mountain,  at 
the  western  end  of  the  mine.  The  face  here  includes  yellow,  friable 
sandstone,  40  or  50  feet  thick,  overlying  a  bed  of  magnesian  limestone, 
about  15  feet  thick,  which  reposes  directly  upon  the  porphyry. 
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Fli  fl.— CroBS-icotlOD  throogh  l.ltll?  ffiOnutalB  open  cntM 
1 .    SoThtM  01*7  *<■<>  datmtl  otB.  4.    pTe-P*1eoEn1o  cl*y  sod  lieCiltal  on. 

a.    Pftl«ozolo  tAnditODB.  b.    ArchiaD  porphyry. 

1.    Pkleoiola  dolomite. 

The  relations  of  the  rocka  here  are  well  shown  in  the  adjoiniDg 
section. 

The  resdlts  of  drilling  about  the  inonnlain  show,  however,  that  thiB 
Boocessioa  and  relation  of  the  rocks  is  not  constant.  Some  ten  or 
more  charn  drill  holes  have  been  put  down  in  the  valley  along  the  foot 
of  the  mountain.  The  samples  of  the  drillings  are  preserved  by  the 
Iron  MoQQtaia  company,  and  were  examined  by  the  writer.  The  posi- 
tions of  these  boles  are  exactly  shown  on  the  map  of  the  mine  accom- 
panying the  description  of  the  iron  ores,  later  in  this  report. 

Tbe  following  descriptions  of  the  rocks  encountered  are  from  the 
writer's  study  of  the  samples,  and  from  tbe  records  of  the  drilling  pre- 
pared by  Prof.  Potter : 

Section  IV  (No.  i  of  Section  akeetj. 
Ebcord  OF  Irok  U.OJJSTUS  Drill-IIole  No  IT. 

AUUudi  of  lurfaet  it  1100  ftetA.T. 

FT.      IH. 

1.  Clay IB 

2.  Black  mud 11 

3.  LIUMBtone,  lighl  gray,  highly  arenaeeout,  almott  a  tantUfotu 34 

4.  LimestODe,  briek-rtd,  lUghUy  arenaetoua 48 

B.  SaDdStone,  grayi»h-red,  eoarii-grained,  lirongty  iff'trvtittti 0 

6.  SandBtODe,  light  pink  color,  very  finely  grained,  eaUareoua 67 

7.  Sandstone,  nmiiar  to  1,  but  eoarter  grained,  noiX'ealeareoua 13 

8.  Orit  and  dttompottd  porphyry  with  pinkish  gray,  Mub-angular  and  rounded 

graini  of  gaarb 48 

9.  Porphyry,  hard    S 

ToUltblokoeu 314       3 
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Section  V  (No  5  of  Section  sheet  J. 

Record  of  Iron  Mountaim  Drill-Hole  No.  20. 

Altitude  of  surface  is  1105  feet  A.  T, 

FT. 

1.  Clay 27 

2.  Limestone,  lighi  gray^  strongly  effervescent,  liiile  or  no  quartz 3g^ 

3.  Sandstone,  calcareous  vsry  fine-grained 22 

4.  Opening  or  *^oave*' 19 

5.  Grit  and  decomposed  porphyry  (^'wash"),  brick-red^  grains  of  quartz  and  Urns' 

ttons,  effervescent 2& 

6.  Decomposed  porphyry 164 

Total  thickness 29 1^ 

Section  VI  (No,  6  of  Section  sheetj. 

Record  of  Iron  Mountain  Drill- Hole. 

AltUude  of  surface  is  1101  feel  A.  T, 

FT. 

1.  Clay 20 

2.  ^^QAdLyjOcM.^'*^  light  yellow^  strongly  effervesceniy  arenaceous  ..m,. 5 

3.  Limestone,  dull  gray^fine-grained^  arenaceous^  effervescent 12 

4.  Limestone,  gray,  somewhat  arenaceous^  effervescent ^  fine-grained ' 14 

5.  Limestone,  white  or  lighi  gray^  coarse-grained,  crystalline,  dolomitic,  little  or  no 

quartz 16 

6.  Grit  and  decomposed  porphyry,  brtck-red,  calcareous^  with  quartz 28 

7 .  Decomposed  porphyry,  (" wash") 67 

Total  thickness 152 

Section  VII  (No.  7  of  Section  sheet). 
Record  of  Iron  Mountain  Drill-Hole  No.  21. 

Altitude  of  surface  is  1103  ft.  A.  T. 

ft. 

1.  Clay 1>< 

2.  Limestone,  yellowish  gray,  strongly  effervescent^  silica  in  very  fine  particles 42 

8.  Opening  {»*cave") 12 

4.  Limestone,  reddish-gray^  strongly  ffferveacent^  gritty  and  ferruginous 7 

6.  Porphyry  ("wash"),  decomposed,  brick-red^  strongly  effert'escent 27 

6.  Porphyry,  decomposed 1^3 

7.  Porphyry ,  hardy  light  brown^  somewhat  eff'ervescent 1 

Total  thickness 140 
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Section  VIII  (No  8  of  Section  sheet). 

Rbcoro  of  Iron  Mountain  Drill- Holk  No.  22. 

Altitude  of  surface  w  1065  feet  A.  T, 

FT. 

1.  Clay 17 

2.  SaDdstone,  light  yellow,  coarse-grained ^  noii' calcareous  or  very  slightly  so 28 

3.  SandBtODe,  pale  yellowish-gray^  finer  grained,  grains  round  to  sub-angtUar^  vion- 

calcareous • 32 

4 .  Limestone ,  gray ,  fine-grained,  slightly  effervescent,  arenaceous 57 

5.  LimestODe,  light  drab  or  gray,  very  feebly  effervescent,  a  good  deal  of  quarts  in 

very  fine  particles ;  more  of  a  fine  siliceous  shale  than  a  limestone 49 

<3.     Porphyry  ('* wash'^),  decomposed,  pink,  effervescent,  arenaceous • 45 

Total  thlcknesB 228 

Section  IX  (No.  0  of  Section  sheet). 

Record  of  Iron  Mountain  Drill-Uolb  No.  15. 

A  Ititude  of  surface  is  1059  feeet  A .  T, 

ft. 

1.  Clay 12 

2.  Limestone,  yellow,  gray  and  pink,  effervescent,  little  or  no  quartz 28 

3.  Sandstone,  fine-grained,  pinkish  and  gray ,  effervescent 70 

4.  Sandstone,  gritty,  coarse,  quartz  grains  somewhat  angular,  effervescent 39 

5.  Sandstone ,  finer  grained,  gray,  very  slightly  calcareous 29 

6.  San dE tone  and  grit  of  quartz  grains  and  porphyry  fragments,  non- calcareous.. ,  46 

7 .  Sandstone ,  gritty,  decomposed  porphyry  and  quartz^  strongly  calcareous 13 

8.  Porphyry,  decomposed,  with  pinkish  clay,  porphyry  fragments  and  quartz,  iron 

ore  in  lower  part,  highly  calcareous 110 

9.  Porphyry  red  clay 13 

10.     FoT^Xajty  ^  hard,  wUh  iron  ore 7 

Total  thickness 367 

Section  X  (No.  10  of  Section  sheet) 
Record  of  Iron  Mountain  Drill-Hole  No.  12. 

Altitude  of  surface  is  1060  feet  A.  T, 

ft. 

1.  Clay 13 

2.  Sandstone,  pinkish-yellow,  sub-angular  quartz  particles  of  medium  size,  cemented 

in  part  with  iron  oxide;  some  grains  of  porphyry;  slightly  calcareous •  •     81 

3.  Limestone,  gray,  magnesian,  but  strongly  effereseent;  large  amount  of  quari» 

present 90 

4.  Sandstone  and  limestone;  samples  at  various  depths  are  as  follows: 

At  126  ft.,  sandstone,  finer  grained  than  {S),  pinkith^  strongly  calcareous^ 

^*   153  ft.,  a  coarse  grit  composed  of  grains  of  quartz  discolored  red,  green 

and  yellow;  also  grains  of  porphyry , 
*• '   173  ft.,  limestone  and  sand^  gray^  with  quartz;  powder  effervescent. 
*  *    930  ft.,  sandstone  and  limestone  drab;  gfusrtz  grains  alighily  rounded;  eal" 

eareous;  email  grains  of  porphyry  and  heinat%jte, ^^^ 


40  BBPOBT  ON  THB  IRON  MOUNTAIN  SHBBT. 

5.    Porphyry,  decomposed,  sandstoDe  and  limestone.    Samples  as  follows : 
At  231  ft.,  clayey  maierial^  pink^  very  fine  ^  caleareoua, 

^  ^   300  ft.,  like  the  above^  but  eoaraer^  wUh  free  quartz  and  porphyry  JragmenU. 
**   335  ft.,  clayey  material^  brick'red  color;  quartz  graifu^  rounded^  with  red 
clay  between;  elighUy  calcareous, 

*  *   342  ft.,  grit  like  that  at  ISSft.,  but  not  eo  eoaree^  slightly  calcareous 113 

5.    Porphyry,  solid^  hard 13 

Total  thickness 354 

Section  XI  (No.  11  of  Section  sheet). 
Becord  of  Iron  Mountain  Drill- Holb  No.  13. 
Altitude  of  surjaee  is  JOGS  feet  A .  T, 

FT. 

1.  Clay 17 

2.  Sandstone.    Samples  at  various  depths  are  as  follows : 

At  24  ft.,  pinkish'gray;  fine-grained;  strongly  effervescent;  grains  of  quarts  and 

porphyry, 
'  *    65  ft.,  a  coarse  grit  with  sub-angular  quartz  and  decomposed  porphyry, 
^  ^    95  ft.}  a  grit^  less  coarse  than  the  last. 
*"  ^  130  ft.,  a  grit  like  the  last^  but  containing  more  rounded  quartz  grains 120 

3.  Limestone  (?);  at  a  depth  of  140  feet,  a  sample  is  of  a  light  gray  color  ^fine* 

grained^  and  contains  more  quartz  than  lime 47 

4.  Sandstone ;  a  sample  at  190  feet  is  a  fine  grit  with  sub-angular  quartz  grains  of 

reddishrgray  color 28 

5.  Porphyry  decomposed  O'wash'')  and  grit.    Samples  are  as  follows : 

At  337  ft.,  a  coarse  grit  of  quartz  and  decomposed  porphyry ^  calcareous, 

* '   240  ft.,  like  the  last,  but  coarser, 

**    246  ft.,  like  the  last. 

* '    256  ft.,  like  thai  at  227  ft, 

*'    278  ft.,   "waaA,"   consisting  of  coarse  fragments  of  porphyry  and  some 

quaHz 80 

6.  Porphyry,  «o/if 10 

7.  Porphyry,  Aarrf 1 

Total  thickness 303 

Section  XII. 
Rbcokd  of  Iron  Mountain  Drill- Hole  No  14. 

Altitude  of  surface  is  1068  feet  A.  T. 

FT. 

1.  Clay  and  gravel 14 

2.  Limestone 12 

3.  Sandstone.    Samples  at  various  depths  are  as  follows : 

At  28  ft.,  pink^  quartz  grains,  sub-angular  and  rounded,  of  tnedium  size,  some 
porphyry, 

*  *   43  ft.,  light  gray,  finer,  more  homogeneous  than  the  last . 
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At  72}  ft ,  aealeareoua  sandstone  or  arenaceous  limestone;  pinkish  gray,  fine* 
grained. 
77  ft.,  Uke  last,  but  coarser, 

80  ft.,  ^^sand  and  limestone,'*^  grayith-red,  very  little  lime, 
86  ft.,  a  grit  of  quartz  and  porphyry  fragments. 
^   88  ft.,  like  the  last,  but  finer,  sub-angular  quartz  grains, 
'    96  ft.,  like  the  last,  but  finer, 
^  106  ft.,  sandstone^  9oft,  wUh  fragments  of  porphyry 80 

4.  Orit  and  decomposed  porphyry.    Samples : 

At  114  ft.,  dark  drab,  toUh  large  particles  of  porphyry  and  some  quartz  grains; 

slightly  calcareous, 
''   l^  ft.,  like  the  last, 

'  *    132  ft.,  decomposed  porphyry,  strongly  calcareous  on  surface  of  fragments, 
* '    139  ft.,  porphyry  y  slightly  decomposed,  calcareous 33 

5.  Porphyry,  hard.    Sample  at  147  feet  strongly  calcareous 9 

Total  thickness 148 

Section  XIII, 
Record  of  Iron  Mountain  Dbill-Hole  No.  20  (at  sandstone  quarry). 

AUitude  at  surface  is  10S7  feet  A,  T. 

FT. 

1 .  Limestone,  light  gray  color;  quartz  grain  subangular 4 

2.  Sandstone,  light  yelloWy  gray  and  white,  effervescent,  almost  a  limestone 19 

3.  Sandstone,  pink;  not  calcareous;  grains  sub-angular 6 

4.  Sandstone,  reddish  gray;  quartz  grains  sharp  or  sub'angular^  with  crystalline  faces; 

mixed  with  porphyry  grains;  not  calcareous,  or  slightly  so •  •  •  •     40 

5.  Sandstone,  pinkish  gray;  fine-grained,  quartz  angular,  grains  of  pyrite  and  some 

porphyry;  strongly  calcareous 6 

6.  Sandstone,  dull  pink,  angular  quartz  grains  and  fine  porphyry  grains;  non-eal- 

careous 11 

Total  thickness 86- 

A  study  of  these  sections  reveals  a  great  variability  in  the  charac- 
ter of  the  rocks,  and  there  is  a  corresponding  and  consequent  difQcnlty 
in  the  correlation  of  the  different  members.  As  is  noted,  some  of  the 
strata  denominated  as  sandstones  are  highly  calcareous,  and  mighty 
with  well-nigh  equal  propriety,  be  termed  limestones ;  with  the  arena- 
ceous limestones  a  similar  observation  is  true.  An  attempt  at  a  cor- 
relation is  expressed  in  the  following  diagram ;  but  it  is,  confessedly^ 
only  approximate.  Much  of  this  variability  is  doubtless  due  to  the 
marginal  position  of  the  sections,  situated  as  they  are  near  the  old 
Iron  mountain  shore  line,  where  eddies  and  currents  undoubtedly  ex- 
isted in  the  Paleozoic  sea,  producing  rapid  local  changes  in  the  strata. 
But,  though  we  may  expect  to  find  less  variation  away  Arom  such  mar- 
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gins,  the  sectiooB  here  harmonize  with  those  at  other  points  in  indioat- 
iog  a  general  iuconatanoy.  They  further  sapport  the  general  rale  that 
arenaoeonB  layers  or  grits  are  the  lowest  lying  members  of  the  thick 
deposits,  and  that  sncb  generally  intervene  between  the  body  of  the 
magnesian  limestone  and  the  porphyry  or  granite  floor. 


Exposures  from  which  long,  continuous  sections  can  be  made,  do 
not  exist  in  the  vicinity  of  Iron  Mountain,  though  scattered  oat-crops 
are  very  frequent.  Thus,  opposite  the  railway,  a  quarter  of  a  mile 
west,  is  a  limestone  quarry,  exposing  magnesian  limestone  of  typical 
eharacter.  The  face  is  10  or  15  feet  high.  The  rock  is  coarse  and 
crystalline,  characteristically  tilled  with  small  cavities,  lined  with  dolo- 
mite crystals,  bnt  containing  also  large  porphyritic  illy  formed  calcite 
crystals  in  the  mass  of  the  rock.  It  is  of  a  yellowish  color.  Analysis 
No.  6  of  page  23  is  of  rock  from  here.  This  limestone  is  considered 
to  overlie  the  sandstones  exposed  in  Little  mountain,  and  to  be  the 
equivalent  of  the  upper  limestone  beds  noted  in  Sections  IV,  Y,  VI, 
VII  and  IX. 

Less  than  half  a  mile  north  of  here  is  the  sandstone  qnarry  at  which 
the  drill  hole  of  section  XIII  was  sunk.  The  rock  exposed  is  coarse 
and  gritty  with  namerous  small  particles  of  decomposed  porphyry.  It 
undoubtedly  nnderlies  the  limestones  to  the  east,  in  which  direction  it 
dips ;  in  fact,  the  axis  of  a  gentle  anticline,  trending  east  and  west, 
appears  at  this  point. 
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Less  than  a  mile  north  of  the  depot,  where  the  wagon  road  crosses 
the  railway,  a  yellowish  sandstone  crops  oat  in  conspicnons  ledges.  It 
dips  slightly  to  the  west.  It  mast  be  close  to  the  solid  porphyry  of 
Iron  moantain  to  the  east,  and  it  contains  many  fine  particles  of  de- 
composed porphyry.  Similar  rock  is  exposed  fetrther  alone:  this  road, 
at  the  sonth  end  of  the  hill  immediately  west  of  the  railway  at  this 
point.  It  is  also  exposed,  abont  10  feet  thick,  shaly  in  part,  between 
the  two  porphyry  hills,  jast  north  of  the  last  point,  at  the  middle  of 
the  western  line  of  section  30,  township  35  N.,  4  E.  It  also  occars  and 
has  been  qaarried  aboat  a  mile  forther  north,  near  the  middle  of  sec- 
tion 19  of  the  same  township.  The  rock  here  is  very  coarsely  grained 
and  friable,  of  a  whitish-gray  color,  with  large  grains  of  qaartz,  and 
also  fragments  of  light-colored  porphyry.  The  stratum  qaarried  from 
is  aboat  three  feet  thick,  and  lies  in  a  nearly  horizontal  position.  Many 
of  the  qaartz  grains  of  this  and  other  exposures  described  show  crys- 
tal faces  which  are  evidently  the  results  of  secondary  growth. 

Belleview  Valley. — West  of  Iron  mountain  is  Buford  mountain,  and 
beyond  this  again  is  what  is  known  as  Belleview  valley.  This  is  the 
largest  area  of  Paleozoic  rocks  within  the  limits  of  the  sheet  Numer- 
ous exposures  of  limestone  and  sandstone  are  encountered.  None  of 
these  are,  however,  of  great  vertical  extent,  and  opportunities  for  the 
construction  of  long,  continuous  sections  are  absent.  A  series  of  drill- 
holes have  been  put  down  in  this  valley,  but  the  writer  was  unable  to 
obtain  records  of  these  for  incorporation  in  this  report. 

About  three-fourths  of  a  mile  east  of  the  village  of  Belleview,  the 
following  section  is  exposed  at  the  fork  of  the  road  shown  on  the  map: 

Section  XIY. 
Out-Cbop  at  Road  and  Crixk  Crossino,  }  mile  B.  of  Belleview. 

A nUude  of  twrfaee  U  about  980 fe^  A.T. 

FT, 

1 .  Limestone,  whUe^  crystalline^  thinly  bedded^  vnth  aUcHe  cryitaU, 4 

2.  StLUditotiet  gray ^  aoft^  with  numerous  fine  grains  of  porphyry 1} 

3.  LimestODe,  2iJ^(i) 2 

4.  SandBtone,  like{iS)  IJ 

2.  LimeBtone... '. H 

Total  thiokneBB lOJ 

Oonsidering  the  distance  of  this  section  from  an  Archean  area,  the 
rocks  exposed  must  be  at  least  several  hundred  feet  above  the  base  of 
the  Paleozoic  column  here.    The  included  sandstone  beds  must  hence 
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be  classed  among  the  thin  and  non-persistent  layers  of  the  upper  por- 
tions of  the  rock  colamn,  which  have  been  recognized  elsewhere. 

Thence  northward,  down  Oedar  creek,  oat-crops  of  limestone  are 
freqaent.  At  the  ford,  three  miles  dae  north  of  Belleview,  on  the  south 
bank,  a  bed  of  sandstone  rises  from  aboat  the  level  of  the  creek  to  a 
height  of  from  15  to  20  feet ;  above  this  about  15  feet  of  limestone  is 
exposed. 

Soath  of  Belleview  and  along  the  road  thence  to  Oraniteville  is  a 
great  area  of  chert-covered  '^  Flint-hills,"  which  rise  to  an  altitnde  of 
nearly  1600  hundred  feet,  or  nearly  600  feet  above  the  valley.  They 
are  covered  with  chert  in  nodalar  masses,  and  of  irregular  size. 

Graniteville. — About  a  mile  southwest  of  Oraniteville,approximately 
at  the  point  designated  on  the  map,  a  drill-hole  was  put  down  to  a 
depth  of  350  feet,  known  as  the  Sweeney  drill-hole.  A  complete 
record  of  this  hole  could  not  be  obtained,  but  samples,  kindly  fur- 
nished by  Mr.  Thos.  Beard,  of  Ironton,  were  examined  by  the  writer 
with  the  following  results : 

Section  XV  (No.  12  of  Seotiov^ sheet). 

NoTEitf  OF  SwBSNKT  Drill-Holb  Near  Oranitbvillb  (S.  £.  i,  S.  W.  },  Sec.  15,  Twp. 

34  N.,  4  £. 

Altitude  of  turf  ace  is  about  ISOO  feet  A.T. 

FT. 

1.  Limestone,  maffnesian  with  calcite  crystals;  ooarse,  crystalline  of  open  texture^  at  108 

2.  Limestone ,  finer  grained  with  silica * '  110 

3.  Jjimestone  J  finer  grained  toiih  silica '*  120 

4.  Limestone,  like  (i),  but  quartzose '  *  135 

5.  Limestone,  ^Ac  (;^) *'  138 

6.  Limestone,  Aard,  ^rW^^y,  magnesian '*  155 

7.  Limestone,  dark^  fine-grained,  magnesian "  200 

8.  Grit,  coarse,  with  porphyry  fragments '"  218 

9.  Grit,  coarse,  withporphyry  fragments '  *  219 

10.  Grit  and  shale,  gray  and  argillaceous "  227 

11.  Shale,  argillaceous,  lighter  gray *  *  228 

12.  lAmef>tou%t  gritty,  dark,  magnesian "  230 

13.  ^\iK\e,  gray,  dark,  argillaceous "  238 

14.  Limestone ,  dolomitic,  dark  gray,  fine-grained at  232-237 

15.  QtM,  with  porphyry  fragments at  250 

16.  Limestone ,  tnagnesian,  coarse,  open '  •  270 

17.  Sandstone,  j^ne-^raincrf,  light  drab » *  298 

18.  Grit,  pink,  with  porphyry  fragments "  320 

19.  QitM,  coarser,  wUh  porphyry  fragments ». *'  320 

20.  Porphyry  conglomerate ....  •»  348 
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East  of  Graniteville,  and  immediately  south  of  Middlebrook,  is  a 
^'  Flint  hill,"  referred  to  on  page  30.  No  section  conld  be  measured 
here.  The  blocks  of  chert  are  remarkable  for  their  great  size  and 
massive  stractnre. 

Aboat  a  mile  and  a  half  soath  of  Middlebrook,  and  west  of  the 
railway,  is  an  oatcrop  of  sandstone  from  which  stone  has  been  quarried 
for  bridge  piers  and  other  local  purposes. 

Pilot  Knob  and  Vicinity. — ^The  country  about  Pilot  Knob  is  simi- 
larly destitute  of  any  exposures  suitable  for  the  measurement  of  long 
flections.  A  large  number  of  drill-holes  have,  however,  been  put  down 
here,  while  prospecting  for  iron  ore,  through  the  limestone  rocks  into 
the  porphyries.  The  exact  location  of  these  holes  is  shown  on  the  map 
on  a  later  page  of  this  report. 

Gores  of  a  number  of  these  holes  were  examined  by  the  writer,  and 
the  resuls  are  incorporated  in  the  following  sections : 

Section  XYI  (No.  13  of  Section  sheet  J. 
NoTBfl  OF  Pilot  Knob  Drill- Holv  No.  30  (north  end  of  Shepherd  mountain). 

AMtudt  of  ttarface  it  about  MO  feet  A.  T, 

FT. 

1.    Soil  and  clay : ^ 12 

9.     Limestone,  magneaian^  erystalline,  dark  gray,  open  texture^  but  of  fine  texture  in 

plaeee^  and  aomewhat  argillaeeotie 31 

3.  Limestone,  magnesianf  more  eryetalline^  whiter,  very  open  texture,  utiih  dolomite 

and  pyriie  eryetale  lining  the  eavOiee;  lower  8  ft,  with  some  ehloriie 89 

4.  Limestone,  magneeian;  like  (5),  but  yellowiih  and  drab  and  of  more  open  texture; 

eavitiee  lined  with  dolomite 80 

6.  Limestone,  magneeian^  eompaeier,  of  finer  eryatalline  texture,  lower  10  feet  reddiah 

and  ferruginoue 3D 

6  Limestone ,  magneeian;  the  upper  7  feei  red  and  ferruginoue;  the^next  9  feet 
gritty,  with  quartz  and  porphyry  fi^gmente;  the  next  8  feet  griky  hut  finer  ^ 
with  quartz  graina;  the  next  8  feet  fine-grained  and  homogeneoua,  %oiih  pyrite. . .     S3 

7.  Limestone,  magneeian;  the  upper  half  pink  and  aomewhat  gritty;  the  lower  half 

finer  grained  and  more  argillaeeoua;  minute  nodiUar  eoncretiona  of  pyrite  efflo' 
reeeenee  of  aulphaiea  of  iron  and  magneaia 29 

8.  Limestone,  magneeian,  fine-grained  and  argillaeeoua;  paiehea  of  a  footer  ao  eonr 

tain  fragmenta  of  decomposed  porphyry;  at  S  feet  from  the  bottom  ia  an  8-ineh 
atreak  of  drab  argillaeeoua  ahale 3D 

9.  Sandstone  and  grit,  t?ie  upper  iSO  feet  of  a  light  gray  oolor,  tery  fine-grained^ 

containing  gritty  atreaka  with  porphyry  fragmenta;  the  lower  7  feet  are  aimitar, 

but  of  yellow  color.., • « S7 

10.  QBXidBtonen  ar6naceoua,yeUowiah  and  gray,  fine-grained 6 

11 .  Grit  and  decomposed  porpbyry  passing  into  solid  porphyry 47 

Total  thickness 800 
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Section  XVII  (No.  U  of  Section  sheetj. 
Nona  OF  Pilot  Knob  Dbill-Holb  No  38  (north  end  of  Sbepherd  mountain). 

AUUude  of  iurfac4  U  about  950  feet  A.  T. 


• 


1.  Limestone,   maffnenan,  whiie  and  dntb^  moderately  porous;  eryetaUine^  ehaly^ 

areruueoua  layers  in  the  upper  40  fiei;  grows  pink  near  bottom 144 

2.  Limestone,  magnesian^  gray^  finer  grained^  arenaeeous^  effervescent 6^ 

8.     Sandstone  andfine^  sandy  shaU,  non' calcareous  streaks  of  drab  porphyry  grit^  es- 
pecially near  the  bottom 84 

4.     Sandstone,  or  fine^  sandy  shale,  like  last,  but  pinkish  drab  in  color;  porphyry  grit 

and  boulders  near  the  bottom 68 

Total  thickness 295 

Section  XVIII  (No.  15  of  Section  sheet). 
Notes  of  Pilot  Knob  Dbill-Holb  No.  42  (near  B'y  track,  north  of  town). 

Altitude  of  furfaee  U  about  MO  feet  A .  T. 

FT. 

1.  Soil,  clay  and  undetermined  (reported  to  be  limestone) 122 

2.  Sandstone,  yellow  near  top  and  gritty  uriih  porhpyry  fragments  near  the  bottom, .     12 
8 .     Limestone,  magnesian,  very  arenaceous,  almost  a  sandstone;  compact  and  hard ....     16 

4.  Limestone,  magnesion  like  (5),  but  passing  into  very  fine  sandstone  ai  the  base. ...     80 

5.  Sandstone ,  very  fine  grained,  almost  a  shale,  slightly  caleareous 21 

6.  Grit  and  porphyry  conglomerate,  passing  into  solid  porphyry 26 

Total  thicknesB 226 

Section  XIX  (No,  16  of  Section  sheet). 
Notes  of  Pilot  Knob  Drill- Hole  No.  50  (  at  lime  quarry.) 

Altitude  of  iurface  U  about  960  feet  A .  T. 

FT. 

1.  Soil  and  clay 14 

2.  Limestone,  magnesian,  yellowish;  coaracly  crystalline^  calcUe  crystals  abundant; 

ai  26  feet  a  one-inch  layer  sandy  shale;  limestone  of  open  and  porous  texture, . .     30 

3.  Limestone,  magnesian^  similar  to  {S),  no  shale  beds,  but  greenish  shaly  streak  near 

the  bottom 19 

'4.     Limestone,  magnesian,  like  (S);  contains  cavities  lined  with  dolomite  crystals  upon 

which  are  small  cubes  of  pyrite 12 

6.     Limestone,  compaeter  than  {4),  gray,  hard,  marble-like,  with  patches  of  red  clay     13 

6.  Limestone,  magnesian,  pink  and  reddish  color,  like  (5),  but  more  open  and  porous, 

with  streaks  of  deep  red  shale  6  inches  thick 64 

7.  Limestone,  magnesian  like  (6),  gray  and  pink;  a  layer  of  sandy  shale  156  to  168 

feet;  laminas  of  green  shale  in  the  limestone 18 

8.  Limestone,  magnesian,  more  compact  and  argillaceous  than  (7);  passes  downward 

successively  into  porphyry  grit,  conglomerate,  and  finally  into  solid  porphyry, , ,     46 

Total  thickness 216 
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Section  XX  (No  17  of  Section  sheet  J, 
Notes  of  Pilot  Knob  Dbill-Holk  No.  45  (west  side  of  Shepherd  mountain). 

Altitude  of  turf  ace  U  about  1040  fut  A,  T. 

FT. 

1.  Soil  and  clay *. Ift 

2.  Limestone,  magneaian;  the  upper  8  feet  dark  gray,  cry$taUine  and  open  texture; 

the  next  6  feet  dark  gray ^  fine-grained  tmd  arenaceous;  the  next  l^Jeei  light  gray^ 
open  and  crystalline, 2& 

3.  Limestone,  magnesian^  dark  and  light  gray  in  color;  texture  somewhat  open;  shaly^ 

green  blotches  and  streaks;  crystalline,  like  marble  in  places 40 

4.  Limestone,  magnesian,  like  (5)  bui  pink  and  red  in  color  with  streaks  of  red  shale; 

the  lowest  4  ftet  mostly  reddish  and  greenish  arenaceous  shale  with  porphyry  grit,    9& 

6.  Limestone,  magnesian^  pink  with  red  streaks  and  some  grit ;  somewhat  open  and 

crystalline 41 

tf.    Sandstone  and  porphyry  grit  conglomerates 122 

7.  Porphyry,  solid 

Total  thickness 282 

Beviewing  the  results  expressed  in  these  sections,  we  see  that  we 
have  in  all,  massive  beds  of  limestone  in  the  upper  200  feet  or  so.  In 
the  drill-hole  near  the  lime  quarry,  section  XIX,  we  have  no  sandstone 
intervening  between  the  limestone  and  porphyry.  This  is  doubtless 
due  to  the  fact' of  its  location  in  a  narrow  gorge  between  porphyry  hillSy 
into  which  the  introduction  of  coarse  sediments  would  be  difficult.  In 
three  other  holes,  immediately  north  and  west  of  the  knob,  we  find 
sandstone  beds,  represented  at  depths  of  about  750  feet,  A.  T.  These 
are  very  fine  and  shaly  in  texture,  but  are  distinctly  arenaceous,  and 
deserve  to  be  classed  as  transition  beds  from  the  limestones  into  the 
porphyry  grits  and  conglomerates  below.  In  section  XX  of  a  hole 
located  west  of  Shepherd  mountain,  sandstone  was  also  found  to  be 
present,  but  here  it  comes  in  at  an  altitude  of  nearly  900  feet,  A.  T. 
Porphyry  detritus  in  the  shape  of  grit,  conglomerate  and  decomposed 
boulders  are  represented  in  all  of  the  holes  overlying  the  massive 
porphyries. 

fronton  and  Arcadia  Valley, — South  and  east  of  Ironton  is  another 
great  stretch  of  country  underlain  by  Paleozoic  rocks.  Our  best  infor- 
mation here  is  also  derived  from  the  results  of  drilling.  Three  diamond 
drill-holes  were  put  down  in  the  town  of  Ironton  in  search  of  water. 
Their  locations  are  shown  on  the  topographic  map.  The  following 
notes  upon  the  rocks  encountered  are  from  examinations  made  by  the 
writer  of  specimens  preserved  by  Mr.  Beard,  of  Ironton,  and  kindly 
presented  by  him  to  the  Survey : 
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Section  XXI  (No.  18  of  Section  sheet  J. 
NoTBS  OF  Ironton  Drill-Holb  No.  1  (Jones). 

Altitude  of  turfcee  U  about  920  Jttt  A .  T, 

FT. 

1.  JAmeBtone^  magnenan^  If g/U  yellow^  open  texture at  30 

2.  Jj\me%loney  magneaian^  like  {l)y  gray  color '^  130 

3.  Limestone,  magneaian^  light  drab  color  ^  very  fine  texture,  hard  and  oompaet,  ^'  360 

4.  ^hzXe^light  drab  color ^  arenaceous^  fine-grained "  278 

6.  Sandstone  and  grit,  eon^atmti^  quartz  grains  and  fragments  of  porphyry  ; 

calcareous  and  argillaceous  in  places '  *     285 

6.  Porpbyry  grit,  composed  largely  of  porphyry  fragments "    300 

7.  Porphyry  conglomerate "    360 

Section  XXII  (No  19  of  Section  sheet  J. 
NoTis  OF  Ironton  Drill-Holb  No.  2  (Robery). 

Altitude  of  nrface  about  &40  feet  A.T. 

FT. 

(.    Limestone,  mottled  yellowish  and  red  color  like  marble,  somewhat  decomposed, 

open  texture,  freely  effervescent at      20 

2.  Grit,  calcareous,  consisting  of  quartz  grains  surrounded  by  matrix  of  magne- 

sian  limestone.    A  very  hard,  compact  rock 

3.  Grit,  calcareous,  like (£) 

4.  Limestone,  magnesian,  very  fine-grained,  drab, 

6.     Limestone,  magnesian,  coarse-grained,  pink 

6.  Limestone,  magnesian,  somewhat  earthy 

7.  Limestone,  magnesian^  somewhat  arenaceous,  dark  gray  and  compact 

8.  Shale,  dark  gray^  argillaceous 

9.  Grit,  calcareous,  composed  of  fragments  of  porphyry  and  quartz  grains 

# 

10.  Shale,  dark  drab,  argillaceous 

11 .  Grit  of  porphyry  fragments , 

12.  Porphyry,  compact 


30 
40 
60 
100 
160 
210 
225 
253 
255 
255 
260 


Section  XXIII  (No,  20  of  Section  sheet). 
Notes  of  Ironton  Drill-Holk  No.  3  (Arcadia  Mill  Co.) 

Altitude  of  surface  is  about  1060  feet  A.  T. 

FT. 

1 .  LimeBtone,  magnesian,  white^  very  open  texture at      15 

2.  Limestone,  magnesian,  like  (/) "      20 

3.  Limestone ,  magnesian ,  but  very  fine-grained  and  white *  *      30 

4.  Limestone,  magnesian,  like  (3) at  40, 45,  50 

5.  Limestone,  magnesian^  dull  gray  color *  •      60,  79 

6.  Limestone,  magnesian^  gray  ^finegrained^  with  calcite  vein at     100 

7.  ^\\9,\e,  sandy  gray  with  some grU "     150 

8.  ^KTk^^ione,  very  fine  grained  drab  color "     160 

9.  Sandstone  and  porphyry  grxt at  195,  200 

10.  Grit,  composed  chiefly  of  porphyry  fragments,  with  some  grains  of  quartz  and 

some  limestone  in  the  matrix at  205,  220,  240,  250,  260,  270,  285,  290 
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In  these  boles,  as  in  the  preceding  ones,  most  of  the  npper  por. 
tions  are  through  massive  limestone ;  while  the  shales,  sandstones  and 
grits  are  represented  near  the  bottom,  at  depths  varying  from  150  to 
278  feet  and  corresponding  to  altitudes  of  650,  720  and  870  feet,  A.  T., 
indicating  great  variability  in  the  sections. 

Exposures  of  limestone  are  very  abundant  immediately  south  of 
Arcadia,  along  the  railway  in  its  ascent  to  Tiptop.  Still  farther  south 
are  numerous  chert-covered  hills,  liberally  covered  with  chert  frag- 
ments, but  exposing  very  few  sections. 

About  a  mile  west  of  Ironton,  upon  the  side  of  Shepherd  mountain, 
about  140  feet  above  the  level  of  the  town,  or  nearly  1100  feet  A.  T. 
is  an  out-crop  of  sandstone  from  which  a  good  deal  of  stone  has  been 
quarried  for  building  purposes  in  Ironton  and  vicinity.  The  total  thick- 
ness exposed  is  perhaps  15  feet,  largely  shaly,  with  a  few  thick  beds. 
The  stratum  quarried  from  is  about  20  inches  thick.  The  sandstone  is 
of  coarse  texture  and  composed  of  quartz  and  porphyry  grains  some- 
what loosely  cemented  together.  This  out-crop  must  be  a  remnant  of 
the  shore-line  portions  of  a  deposit  which  once  overlaid  the  clastic 
rocks,  now  existing  in  the  valley.  It  may  have  lost  its  arenaceous  and 
fhigmentary  character  proceeding  from  the  shore  outward,  and  may 
«ven  have  been  represented  by  a  limestone ;  but  it  is  undoubtedly  a 
sandstone  bed  belonging  higher  in  the  series,  or  of  later  age  than  those 
encountered  at  the  base  of  the  drill-holes  whose  records  have  been 
given. 

About  four  miles  west  of  Ironton,  on  the  Krammel  land,  in  the 
flouthwestem  portion  of  section  2,  township  33  N.,  3  E.,  on  the  side 
of  a  creek,  is  an  outcrop  of  marble  exposed  in  a  bluff  10. to  15  feet 
high.  The  stone  is  largely  nodular  and  rough,  with  red  clay  filling 
the  cavities  between  the  nodules.  The  beds  of  the  compact  stone 
range  in  thickness  up  to  about  one  foot  They  are  of  gray  and  pink 
colors.  An  analysis  of  this  limestone  or  marble  has  already  been 
oited  on  page  28.  Further  mention  of  it  will  be  made  later.  The  alti' 
tude  of  the  out-crop  is  about  1040  feet  A.  T.  It  is  hence  topographi- 
cally much  above  the  beds  of  the  limestone  exposed  in  Arcadia  valley. 
Structural  considerations  lead  us  to  believe  that  it  is  also  above  them 
stratigraphically. 

In  tlie  southwestern  portion  of  the  sheet  numerous  out-crops  of 
limestone,  shale  and  grit  are  exposed  aloDg  the  Iron  Mountain  railway, 
between  Hogan  and  Tiptop.    The  limestOBe  Itself  is,  in  places,  filled 
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with  BDoall  fragmeatB  of  porphyry.  Some  of  the  grits  are  T«r;  ooane, 
while  immediately  associated  with  them  are  very  argillaoeons  shales. 
The  shales  are  exposed  in  the  railway  oat  jast  sooth  of  the  big  euxvef 
at  an  altilade  of  abont  1100  feet  A.  T.,  aud  immediately  adjoiaing  an 
outcrop  of  maBSive  porphyry. 
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OOBBELA.TION   AND   AQE. 

A  Btndy  of  the  sectioDS  and  the  other  notes  just  presented,  will 
reveal  the  fact  that  a  detailed  correlation  of  the  members  of  the  widely 
separated  or  even  a^ioioiDg  seetioDS,  is  oat  of  the  qaestion.  We  are 
forced  to  the  conclusion  that  the  minor  differences  of  material,  texture 
and  color  are  local  and  extremely  variable  along  the  same  horizon.  A 
general  classification  of  the  rooks  ocoarring  within  oar  area  is,  how- 
ever, practicable,  as  bos  already  been  indicated.  This  claosification  is 
embodied  in  the  following  geaerallized  eeotion. 

As  to  the  exact  age  of 
these  Paleozoic  rocks,  with 
the  exception  of  the  evi- 
dent &ct  that  they  are  poat- 
Algonkiao,  there  is  no  evi- 
dence  presented  within  the 
area  of  the  sbeet.  Sot  a 
single  fossil  has  been  found 
here  to  the  writer's  know- 
ledge. For  the  determina- 
tion of  their  age,  we  are, 
therefore,  dependent  upon 
our  interpretation  of  their 
Btratigraphic  relations  to 
the  rocks  of  siirronnding 
areas.  Immediately  east 
of  the  sheet,  in  Madison 
connty,  and  north  of  it  in 
d««mpo.Bd.  g(_  Francois  connty,  a  few 
"'"'^'  fossils  have  been  foand  in 

Flg.8      General  BBCtlon  of  thsPsleOMlc  rock* ,  rOCkS    wbich    we    are  Satis- 

fied belong  to  the  same  gronp  as  those  inclnded  in  the  Iron  Mountain 
sheet.  The  exact  Bigniflcanoe  of  these  fossils,  we  regret  to  say,  is  not 
yet  satisfhotorily  determined.    Authorities  differ  as  to   whether  the 
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rockB  should  be  asBigned  to  the  Cambrian  or  to  the  Lower  Silorian  or 
Ordovieian ;  the  qaestion  mast  therefore  be  left  open  for  the  present. 
A  discnssion  of  the  paleontological  evidence  would  be  out  of  place 
here,  and  we  hence  confine  ourselves  to  this  general  statement  of 
present  conditions. 

SOUBOBS  OF  MATBBIAL. 

The  sources  of  the  materials  composing  the  Paleozoic  strata  of 
this  region  can  be  none  other  than  the  pre-existing  Archean  or  Algon- 
kian  rocks  around  which  the  former  were  deposited.  In  the  conglom- 
erates and  grits  which  overlie  the  solid  and  massive  porphyry  or 
granite,  fragments  of  these  older  rocks  are  plainly  recognized.  In  the 
sandstones  which  are  above  these,  we  find  the  quartz  of  the  granites 
represented,  and  it  is  significant  that  the  coarser  sandstones  of  this 
region  are  found  either  in  the  immediate  vicinity  of  a  granite  area,  or 
in  such  position  that  th)9  detritus  from  the  decaying  of  these  granites 
could  be  washed  to  the  present  sandstone  localities. 

In  the  arenaceous  shales  we  have  represented  the  smaller  quartz 
grains  of  the  granites,  as  well  as  the  minute  particles,  or  phenocrysts, 
of  quartz  which  are  recognized  in  the  porphyries ;  the  extremely  fine 
texture  of  the  sandstones  near  the  base  of  the  series  in  the  vicinity  of 
Pilot  knob  is  most  probably  due  to  the  fact  of  the  smallness  of  the 
quartz  grains  or  crystals  in  the  surrounding  porphyries.  In  the  argil- 
laceous shales  we  have  represented  the  clay  products  from  the  decay 
of  the  feldepathic  rocks  ;  while  in  the  great  massive  beds  of  limestone 
we  have  represented  the  calcareous  and  magnesian  constituents  which 
passed  into  solution  and  were  redeposited  through  chemical  or  organic 
agencies.  How  great  the  time,  how  vast  the  amount  of  decay  of  these 
firm  and  resistant  rocks  in  order  that  this  great  volume  of  sedimentary 
material  could  be  accumulated,  cannot  be  readily  pictured. 


DYNAMICAL   GEOLOGY. 

Structure. — The  Paleozoic  rocks  of  the  Iron  Mountain  sheet  pre- 
sent very  little  evidence  of  disturbance  or  movement.  The  beds  within 
the  larger  areas,  away  from  the  Archean  hills,  generally  lie  in  a  hori- 
zontal position ;  slight  fiexures  are,  however,  apparent  at  times,  but 
these  are  not  persistent.  Around  the  sides  of  the  Archean  hills  the 
rocks  invariably  dip  away  ft*om  such  centers,  and  this  has  been  attri- 
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bated  by  some  to  a  vertical  movement  of  the  older  crystalline  rocks.  . 
This  conclusion  does  not  seem,  however,  to  be  well  fonnded ;  the  phe- 
nomenon has  all  the  appearance  of  being  due  principally,  if  not  entirely, 
to  the  fact  that  the  beds  were  deposited  on  the  sloping  floor  of  the 
submerged  hill.  Under  these  conditions  they  would  naturally  slope 
away  from  the  hill  as  a  center.  The  invariableness  of  these  conditions 
corroborates  the  conclusions  herein  expressed,  as  does  also  the  fact 
that  the  strata  taper  out  successively  up  the  slope  of  the  hill.  It  is 
hardly  possible  to  conceive  of  these  hills  having  been  moved  verti- 
cally upward  without  the  surrounding  rocks  being  disturbed,  and  thus 
the  horizontality  of  the  strata  in  the  valleys  is  against  any  such  move- 
ment having  taken  place.  Therefore,  the  subject  may  be  dismissed 
with  the  remark  that  there  is  only  such  flexing  or  irregularity  in  the 
attitude  of  these  rocks  as  can  be  accounted  for  by  the  inequalities  of 
the  floor  upon  which  they  were  laid  down,  oi>  by  the  settling  of  the 
rocks  after  their  deposition,  supplemented  perhaps  by  a  gentle  oscilla- 
tion during  the  regional  uplift  which  brought  these  rocks  above  the 
sur&ce  of  the  water. 

Sub-areal  Decay  and  Original  Thickness. — ^The  great  sub-areal  decay 
of  the  rocks  of  this  region  has  already  been  treated  of  in  this  report. 
The  fact  that  remnants  of  the  Paleozoic  rocks  are  found  within  the 
area,  at  an  altitude  of  nearly  1600  feet  (see  page  28),  whereas  at  other 
points  their  limits  are  as  low  as  1000  fe^t  A.  T.,  indicates  what  a 
vast  amount  of  rock  has  been  removed.  The  products  or  residues 
of  this  decay  are  clay,  sand,  chert  in  nodules  and  large  blocks,  and 
indurated  sandstone.  Over  a  large  part  of  the  country,  as  has  already 
been  referred  to,  there  are  great  accumulations  of  chert  nodules,  which 
have  given  to  the  hills  covered  by  ihem  the  name  of  "Flint  hills." 
Over  portions  protected  from  vigorous  erosion,  accumulations  of  resi- 
duary clay  exist  and  are  encountered  in  excavations.  In  the  railway 
cut  at  Tiptop,  about  five  miles  south  of  Ironton,  a  great  body  of  such 
clay  is  exposed  to  a  thickness  of  30  feet  or  more.  It  is  made  up  of 
different  materials ;  part  is  apparently  of  clay  proper,  a  large  portion 
of  which  is  of  a  yellow  and  drab  color,  while  along  the  seams  it  is  of 
a  white  color,  like  true  kaolin.  An  analysis  of  a  specimen  of  this  clay 
showed,  however,  that  it  is  composed  in  large  part  of  silica,  even  the 
white  kaolin-like  portion  containing  over  6^  per  cent.  The  following 
results  show  its  composition  : 
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Analysis  of  Clays  from  Tiptop. 

J.  D.  Robertion,  Anal. 
Mixture  of  while  and  yellow  clays, 

SiO, 90.06 

AljO, 4.«3 

Fe,0, 2.31 

Ga  O trace 

Mg  O trace 

Lobs  on  ignition 2.72 

99.71 
A  large  part  of  the  deposit  is  sand,  which  occars  in  strata-like  beds 
dipping  at  a  high  angle  to  the'  soath,  and,  farther,  blocks  and  fragments 
of  white  qaartzite  and  nodales  of  quartz  ar^  included  in  this  mass. 

It  is  impossible  at  the  present  writing  to  fix  the  exact  upper  limit 
reached  by  thesejsedimentary  beds.  They  probably  extended  somewhat 
above  the  highest  limit  noted,  but  we  are  inclined  to  think  that  they  did 
not  go  very  far  beyond  this.  Our  principal  reason  for  this  conclusion 
is  the  fact  of  the  entire  absence  of  any  of  their  remains  overlying 
any  of  the  porphyry  hills  which  reach  the  altitude  of  1800  ft.  A.  T. 
Of  course,  these  summits  have  been  subjected  to  vigorous  erosive  ac- 
tion ;  but  yet  we  are  inclined  to  think  that,  if  the  cherty  upper  mem- 
bers of  the  series  had  ever  covered  such  hills,  some  of  this  almost 
indestructible  chert  would  remain  to  bear  witness  of  the  fact.  As  we 
go  farther  west,  toward  the  limit  of  the  Archean  area,  such  remnants  are 
found  on  the  flat  tops  of  the  porphyry  hills,  even  though  the  sides  are 
destitute  of  them. 

Meiamorphism — Strictly  speaking,  we  are  not  inclined  to  class 
these  strata  among  metamorphosed  rocks,  in  the  sense  that  they  have 
been  altered  or  indurated  by  an  excessive  amount  of  heat.  There  is 
entire  absence  of  any  evidence  that  great  heat  has  anything  to  do 
with  their  present  condition.  There  have  been  no  igneous  rocks 
ejected  in  their  vicinity  since  their  formation ;  there  have  been  no  vio- 
lent or  great  orographic  movements;  they  have  never  been  buried 
deejg  enough  beneath  superincumbent  strata  for  subterranean  heat  to 
have  altered  them.  Their  present  highly  crystalline  or  indurated  con- 
dition is,  in  the  writer's  opinion,  due  almost  entirely  to  the  action  of 
percolating  waters,  which  also  could  have  affected  their  dolomization ; 
the  open,  porous  structure  of  many  of  the  massive  beds  would  be  a 
natural  result  of  the  reduction  in  volume  caused  by  the  sabstitution 
of  carbonate  of  magnesia  for  carbonate  of  ^veel^. 
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bated  by  some  to  a  vertical  movement  of  the  older  crjBtalline  rocks.  . 
This  conclasion  does  not  seem,  however,  to  be  well  founded ;  the  phe- 
nomenon has  all  the  appearance  of  being  due  principally,  if  not  entirely, 
to  the  fact  that  the  beds  were  deposited  on  the  sloping  floor  of  the 
submerged  hill.  Under  these  conditions  they  would  naturally  slope 
away  from  the  hill  as  a  center.  The  invariableness  of  these  conditions 
corroborates  the  conclusions  herein  expressed,  as  does  also  the  fact 
that  the  strata  taper  out  successively  up  the  slope  of  the  hill.  It  is 
hardly  possible  to  conceive  of  these  hills  having  been  moved  verti- 
cally upward  without  the  surrounding  rocks  being  disturbed,  and  thus 
the  horizontality  of  the  strata  in  the  valleys  is  against  any  such  move- 
ment having  taken  place.  Therefore,  the  subject  may  be  dismissed 
with  the  remark  that  there  is  only  such  flexing  or  irregularity  in  the 
attitude  of  these  rocks  as  can  be  accounted  for  by  the  inequalities  of 
the  floor  upon  which  they  were  laid  down,  oi>  by  the  settling  of  the 
rocks  after  their  deposition,  supplemented  perhaps  by  a  gentle  oscilla- 
tion during  the  regional  uplift  which  brought  these  rocks  above  the 
sur&ce  of  the  water. 

Sub-areal  Decay  and  Original  Thickness, — The  great  sub-areal  decay 
of  the  rocks  of  this  region  has  already  been  treated  of  in  this  report. 
The  fact  that  remnants  of  the  Paleozoic  rocks  are  found  within  the 
area,  at  an  altitude  of  nearly  1600  feet  (see  page  28),  whereas  at  other 
points  their  limits  are  as  low  as  1000  fe^t  A.  T.,  indicates  what  a 
vast  amount  of  rock  has  been  removed.  The  products  or  residues 
of  this  decay  are  clay,  sand,  chert  in  nodules  and  large  blocks,  and 
indurated  sandstone.  Over  a  large  part  of  the  country,  as  has  already 
been  referred  to,  there  are  great  accumulations  of  chert  nodules,  which 
have  given  to  the  hills  covered  by  ihem  the  name  of  "Flint  hills." 
Over  portions  protected  from  vigorous  erosion,  accumulations  of  resi- 
duary clay  exist  and  are  encountered  in  excavations.  In  the  railway 
cut  at  Tiptop,  aboat  five  miles  south  of  Ironton,  a  great  body  of  such 
clay  is  exposed  to  a  thickness  of  30  feet  or  more.  It  is  made  up  of 
different  materials ;  part  is  apparently  of  clay  proper,  a  large  portion 
of  which  is  of  a  yellow  and  drab  color,  while  along  the  seams  it  is  of 
a  white  color,  like  true  kaolin.  An  analysis  of  a  specimen  of  this  clay 
showed,  however,  that  it  is  composed  in  large  part  of  silica,  even  the 
white  kaolin-like  portion  containing  over  gO  per  cent.  The  following 
results  show  its  composition  : 
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Mixture  of  white  and  yellow  clays . 
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99.71 
A  large  part  of  the  deposit  is  sand,  which  occurs  in  strata-like  beds 
dipping  at  a  high  angle  to  the'  soath,  and,  farther,  blocks  and  fragments 
of  white  qaartzite  and  nodules  of  quartz  ar^  included  in  this  mass. 

It  is  impossible  at  the  present  writing  to  fix  the  exact  upper  limit 
reached  by  thesejsedimentary  beds.  They  probably  extended  somewhat 
above  the  highest  limit  noted,  but  we  are  inclined  to  think  that  they  did 
not  go  very  far  beyond  this.  Our  principal  reason  for  this  conclusion 
is  the  fact  of  the  entire  absence  of  any  of  their  remains  overlying 
any  of  the  porphyry  hills  which  reach  the  altitude  of  1800  ft.  A.  T. 
Of  course,  these  summits  have  been  subjected  to  vigorous  erosive  ac- 
tion ;  but  yet  we  are  inclined  to  think  that,  if  the  cherty  upper  mem- 
bers of  the  series  had  ever  covered  such  hills,  some  of  this  almost 
indestructible  chert  would  remain  to  bear  witness  of  the  fact.  As  we 
go  farther  west,  toward  the  limit  of  the  Archean  area,  such  remnants  are 
found  on  the  flat  tops  of  the  porphyry  hills,  even  though  the  sides  are 
destitute  of  them. 

Metamorphism — Strictly  speaking,  we  are  not  inclined  to  class 
these  strata  among  metamorphosed  rocks,  in  the  sense  that  they  have 
been  altered  or  indurated  by  an  excessive  amount  of  heat.  There  is 
entire  absence  of  any  evidence  that  great  heat  has  anything  to  do 
with  their  present  condition.  There  have  been  no  igneous  rocks 
ejected  in  their  vicinity  since  their  formation ;  there  have  been  no  vio- 
lent or  great  orographic  movements;  they  have  never  been  buried 
deejg  enough  beneath  superincumbent  strata  for  subterranean  heat  to 
have  altered  them.  Their  present  highly  crystalline  or  indurated  con- 
dition is,  in  the  writer's  opinion,  due  almost  entirely  to  the  action  of 
percolating  waters,  which  also  could  have  affected  their  dolomization ; 
the  open,  porous  structure  of  many  of  the  massive  beds  would  be  a 
natural  result  of  the  reduction  in  volume  caused  by  the  sabstitutlon 
of  carbonate  of  magnesia  for  carbonate  of  liin®* 
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The  marbles  of  this  and  adjoininji^  areas  have  been  addaced  by 
some  as  additional  evidence  of  metamorphic  action.  As  has  already 
been  intimated  on  page  30,  we  do  not  consider  them  necessarily  sach. 
These  marbles  are  not  trnly  crystallized  limestones,  composed  of  well- 
defined  and  separate  crystals ;  they  are  more  properly  dense  crystalline 
limestones,  varioasly  tinted  and  sasceptible  of  polish.  The  differences 
in  stractnres  and  properties  between  these  rooks  and  the  sarronnding 
dolomites  may  well  be  attribated  to  the  difference  in  composition 
shown  on  page  28. 


ECONOMIC  GEOLOGY. 

The  minerals  of  greatest  economic  valae  within  the  limits  of  the 
sheet  are  iron  ores  and  building  stones.  Lead  ores  are  mined  near  the 
northeastern  corner,  bat,  though  the  town  of  Doe  Ban  is  within  the 
boundary  lines,  the  main  deposit  of  ore  is  jnst  beyond  the  limits,  and 
will  be  more  appropriately  described  in  connection  with  the  deposits 
of  Mine  LaMotte  of  the  adjoining  sheet.  Olays,  limes  and  sands  of 
value  for  ordinary  local  uses  are  also  found  and  will  receive  brief  treat- 
ment. 

THE  IRON  ORES. 
By  Frank  L.  Naeon. 

The  St.  Francois  mountains  have  a  world-wide  reputation  as  pro- 
ducers of  iron  ores;  yet,  notwithstanding  the  great  areal  extent  of  the 
porphyry  and  granite  rocks  which  make  up  the  mass  of  the  mountains, 
their  reputation  depends  principally  upon  two  localities.  These  two 
localities  are  at  Iron  Mountain  and  Pilot  Knob.  There  are  other  specu- 
lar ore  deposits  in  the  vicinity  of  these  two  great  deposits,  but  these 
sink  into  insignificance  in  comparison  with  the  first  named. 

Iron  Mcyuntain  has  produced,  in  round  numbers,  3,500,000  tons; 
Pilot  Knob,  about  1,500,000  tons.  ^  The  amounts  of  ore  produced  at 
other  localities  are  as  follows :  Shepherd  mountain,  75,000  tons  ;  Cedar 
mountain,  25,000  tons  ;  Buford  mountain,  3000  tons  ;  Bussell  mountaiui 
3000  tons ;  Shut-In,  600  tons.  This  gives  a  total  of  5,106,600  tons.  Of 
this  amount  Iron  Mountain   has  produced  68^%  ;  Pilot  Knob  29%  ; 

1  The  reooTds  at  Pilot  Knob  prior  to  1882  were  destroyed  by  Hre.  From  1882  to  1892  IndiuiTe, 
PUot  Knob  baa  prodnced  1,074,000  tons.  This  and  much  of  the  data  in  the  following  descriptions  have 
been  obtained  through  the  kindness  of  Prof.  W.  B.  Potter,  of  St.  Louis,  the  engineer  of  the  Iron 
Mountain  company. 
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the  remaining  localities  2^%.  It  will  thus  be  seen  that  the  statement 
with  regard  to  the  relative  amounts  produced  is  true,  and  that  the 
reputation  of  the  St.  Francois  mountains  as  iron-ore  producers  depends 
practically  upon  Iron  Mountain  and  Pilot  Knob. 

IBON  MOUNTAIN. 

The  Iron  Mountain  deposit  of  specular  ore  is  located  in  St.  Fran- 
cois county,  in  section  31,  township  35  I^.,  4  E.  It  is  81  miles  south  of 
St.  Louis  on  the  St.  Louis,  Iron  Mountain  &  Southern  railway. 

The  highest  point  of  the  mountain  at  the  mine  is  known  as  the  Big 
mountain,  and  rises  about  200  feet  above  the  level  of  the  surrounding 
valley ;  west  of  Big  mountain  is  a  lower  hill  known  as  Little  mountain. 
The  highest  point  of  Little  mountain  is  130  feet  lower  than  Big  moan- 
tain.  There  is,  however,  really  no  topographical  distinction  between 
the  two.  Little  mountain  being  but  a  shoulder  of  the  larger  mountain, 
and  both  are  but  lower  points  of  a  larger  porphyry  mountain  which 
reaches  to  the  north.  These  and  other  features  of  the  mine  are  well 
shown  on  the  topographic  map  of  the  mine  on  the  preceding  page. 

It  is  on  these  two  points  that  the  ore  deposit  is  found  which  gave 
the  locality  its  name.  When  first  discovered,  the  mountain,  for  it  will 
be  referred  to  by  this  singular  noun,  was  completely  covered  by  boul- 
ders of  specular  ore  of  various  sizes,  some  of  them  weighing  many 
tons  each.  No  rock  was  in  sight,  and  this  led  to  the  idea,  which  was 
only  dispelled  by  long  working,  that  the  entire  elevation  was  of  solid 
iron  ore,  and  it  was  fully  believed  that  this  ore  extended  indefinitely 
downward.  This  idea  was  strictly  in  accord  with  the  tenets  of  geology 
as  they  were  then  taught,  that  metalliferous  veins,  including  iron  ores, 
were  of  eruptive  origin,  and  their  source  being  deep  within  the  earths 
the  size  of  a  given  deposit  would  increase  rather  than  diminish  as  the 
workings  grew  in  depth.  It  is  not  necessary  to  add  that  this  idea 
has  long  since  given  way,  as  observations  have  increased,  leading  to  a 
more  correct  interpretation  of  geological  facts. 

The  working  of  this  deposit  was  first  carried  on  in  the  boulders 
entirely.  Work  on  the  Big  mountain  finally  exhausted  the  boulders  in 
places  and  they  were  found  to  rest,  together  with  the  clays  which  filled 
the  interstices  of  the  boulders,  upon  solid  masses  of  iron  ore  in  some 
places,  and,  in  others,  upon  a  decomposed  porphyry  rock  which  changed 
with  depth  into  the  solid  porphyry  of  the  surrounding  hills.  Gradu- 
ally, as  the  work  extended,  the  limits  of  the  solid  iron  ore  were  founds 
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and  the  exploration  also  showed  limits  to  the  boalder  deposits,  which 
were  themselves  at  first  thought  to  be  inexhaustible.  The  bonlder 
deposits  were  found  to  lie  in  a  thick  mantle  over  the  summit  and  slope 
of  the  mountain.  This  mantle  was  heaviest  near  the  highest  point  and 
gradually  thinned  out  as  the  lower  flanks  of  the  mountain  were  reached. 
Not  only  did  the  deposit  grow  thinner  at  the  flanks,  but  it  was  found 
that  the  boulders  were  interstratified  with  thick  layers  of  tough  red- 
dish clay  with  but  occasional  lumps  of  iron  imbedded,  and  these  of 
diminished  size. 

The  stripping  of  the  mountain  showed  still  another  feature.  On 
the  eastern  and  western  slopes  especially,  the  point  was  reached  where 
the  Paleozoic  rocks  were  found  to  rest  upon  a  deposit  of  iron  ore  and 
porphyry  boulders.  This  discovery  showed  conclusively  that  the  age 
of  the  iron  ore  veins  as  well  as  of  this  last  boulder  depos't  was  greater 
than  the  sandstones  and  limestones  which  surrounded  the  mountain 
in  which  the  ore  was  found.  In  the  surface  mantle  were  found  clays 
of  a  different  color  and  texture.  In  these  clays  were  fragments  of 
specular  iron,  but  in  addition  there  were  fragments  of  chert,  showing 
clearly  that  these  clays  were  a  residuum  of  a  decomposed  limestone ; 
while  the  boulder  deposit  plainly  pointed  to  the  conclusion  that,  while 
the  Paleozoic  seas  were  washing  the  foot  of  the  mountain,  disintegra- 
tion was  at  work  on  this  ore-body,  and  that  occasional  fragments  would 
roll  down  from  the  parent  mass  and  become  imbedded  in  the  sediments. 
Still  further  is  this  shown  to  be  the  case  by  the  finding  of  iron  fragments 
imbedded  in  the  undecomposed  limestones,  but  the  strongest  proof  of 
all  lies  in  the  great  boulder  deposits,  which,  on  the  eastern  side  of  the 
mountain,  reach  for  over  1200  feet  along  the  base  of  the  Paleozoic 
rocks. 

Reviewing  the  above,  we  find  the  following  series  of  deposits  of 
iron  ore  at  Iron  Mountain :  First,  the  superficial  boulder  deposit ; 
second,  the  solid  ore-vein  deposits;  and  third,  the  early  Paleozoic 
boulders.    These  will  be  described  in  the  order  given. 

As  has  been  stated,  the  mantle  of  ore  nowhere  exceeded  twenty 
feet  in  thickness,  and,  upon  the  removal  of  this,  the  true  nature  of  the 
deposit  was  revealed,  although  its  extent  was  still  uncertain.  The 
solid  ore,  which  must  be  regarded  as  the  parent  mass,  was  found  to 
extend  in  a  perfect  net-work  of  reticulating  veins  of  various  size,  but 
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with  a  general  northeut  trend.  The  natare  of  the  veins  is  showD  is 
the  following  cat,  whioh  illnstrates  the  appearance  of  the  breast  of  ore 
,  worked  jaat  sontb  of  drill  hole  No.  23,  lo- 
cated on  the  map  oppoBtte  p.  55.  The  "  blnff" 
^  which  flits  the  spaceB  between  the  solid  veins 
J  of  iron  IS  more  or  less  decomposed  porphyry. 
This  cnt  shows  the  lateral  veins,  as  they  may 

Pig.  10.     VrlnBoTapaonlaTlTOn  DIB  .  „     .        — ,  ,         , 

iDpoTpbTTTM  iTODmoniitaiii.  be  Called.  The  main  rein  ran  nearly  dae 
northeast  across  the  monntaio.  A  oross-section  of  this  main  vein 
[  Fig.  11  ]  called  the  bachbone  vein,  shows  tts  comparatively  great  size, 
and  also  shows  what  is  known  as  a  saddle-back  among  miners.  The 
legs  of  this  vein  are  here  from  twelve  to  eighteen  feet  thick.  The 
space  between  the  two  legs  is  filled  with 
l^^^^,^-']  broken  ore  and  porphyry.  This  vein  ex- 
^K^v^;'-  tended  throngb  what  is  now  an  open  cnt 
B^'i-^Jv-'^'r^^^MHS  a°d  which  is  marked  as  snch  on  the 
^A'»';>.'r'.l*i.-^^\y;«  topographical  map  of  the  moontain.  The 
"open  cnt "  is  abont  480  feet  wide  north 
and  south.  The  lowest  point  to  which 
the  ore  has  been  excavated  is  abont  150  feet  below  tbe  highest  point 
of  this  monntaio.  The  whole  pit  has  not  been  snnk  to  a  common  level 
on  account  of  the  sabdivision  of  the  main  or  backboue  vein. 

On  Little  monntain,  a  vein  abont  420  feet  long  on  the  ontcrop  was 
found.  Tbe  entire  depth  of  this  ore  body,  measured  on  a  elope  of 
abont  40°,  is  3G0  feet.  Tbe  thickneeB  from  foot  to  ban;;iug  wall  is  abont 
30  feel,  with  a  masimum  of  40  feet.  Workings  which  extend  under, 
ground  toward  tbe  south  and  east  reach  about  240  feet  farther.  The 
outlines  of  these  underground  workings  are  shown  in  the  topographi- 
cal map  of  the  mine  by  the  broken  lines.  The  foot-wall  of  this  vein  is 
not  clean  »ud  sharp,  but  is  made  up  of  brecciated  porphyry,  with  the 
interstices  filled  principally  wilh  iron  ore,  but  also  with  quartz  and 
apatite  crystals,  with  occasional  crystals  of  hornblende.  The  imme- 
diate banging  wall  is  made  up  of  boulder-like  masses,  embedded  in 
more  or  less  indurated  clay.     Over  this  lies  the  Paleozoic  limestone. 

There  is  a  wide  break  between  Little  and  Big  mountains,  and  the 
vein  seems  to  disappear  east  of  fiig  mountain,  near  bore-hole  No.  30, 
shown  on  the  map.  West  of  Little  mountain  bore-holes  Nos.  27,  28,  2, 
22,  15,  12, 13  and  11  have  failed  to  show  either  a  solid  vein  or  a  worka- 
ble deposit  of  boulders.     Bore-hol^  Nos'.  32,  30,  17,  20,  21,  18,  etc., 
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Porphyry  bonlden. 


also  fail  to  show  extensions  of  large  veins,  and  it  seems  probable  that 
the  first  line  of  detrital  ore  marked  oat  qaite  acoaratel;  the  direction 
and  extent  of  tbe  veins,  altboagh  the  Telne  bare  not  proved  to  be  con- 
tianoQB. 

Tbe  next  and  last  of  the  economioally 
important  deposits  at  Iron  Monntain  are 
the  beds  of  boalder  or  detrital  ore.  These 
are  found  exclusively,  thus  far,  on  the 
eastern  slope  of  Bif;  mountain.  The  nn- 
dergroond  worltiugs  of  these  deposits 
here  are  accurately  outlined  by  broken 
lines  on  the  contoured  map.  As  is  there 
shown,  they  extend  about  1680  feet  from 
the  moath  of  tbe  slope  eaatward. 
Fig.  12  shows  tbe  relation  of  the  con- 
solid  porphyjTwiih  glomerate  beds  to  tbe  Paleozoic  ^rooks 
and  tbe  porphyry  foot  wall.  At  the 
point  where  tbe  section  is  taken  the  oon- 
glomerate  ore  is  immediately  overlaia  by 
a  bluish  green  or  gray  decomposed  porphyry  clay,  with  boulders  of  par- 
tially decomposed  porphyry.  There  are  only  occasional  fragmente  of 
iron  ore  in  this.  The  strata  between  those  of  ore  are  of  tbe  same 
nature,  as  is  also  tbe  interstitial  filling  between  the  iron  ore  boulders. 
Over  all  are  beds  of  limestone. 

The  extreme  width  of  this  deposit,  so 
far  as  is  known,  is  about  3W.  The 
height  from  foot  to  banging  wall  is  about 
This  thickness  does  not  hold 
throughout,  however,  but  the  foot  and 
banging  walls  come  together  quite  rapidly 
on  eUher  side.  The  adjoining  ideal  cross 
I'  sJ?<£"'m '"""""''  section  illustrates  this. 

J*.  ^o,'u''Jf  bouuer  ovf  The  bonldcTS  of  iron  are  held  tightly 

■:  Mortar  iu.d^mpo.tdp.^phyrt.  jn  a  partially  indurated  olay,  lu  wMoh  are 

Fig.  U.    Dlkgnm  UlastntlDg  ohaaael 

formor  boniderdepoeita.  also  Doulders  of  porpfayry  and  a  jaspery 

rock  which  is  stilt  very  fresh.    The  beds  are  so  firm  that  shooting  is 

necessary  in  mining.    The  firmness  of  the  masses  is  well  illnstrated 

by  tbe  relative  sizes  of  the  galleries  and  pillars  as  shown  in  mine  map. 


'  '^'^1^' 
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The  boulders  of  ore  as  mined  vary  from  sizes  as  small  as  peas  up  to 

• 

masses  weighing  100  poands  and  more ;  all  of  these  are  well  roanded. 

It  is  hardly  necessary  to  state  that  there  are  no  deposits  which 
rank  higher  than  this  of  Iron  mountain.  If  accessibility  and  ease  of 
mining  be  taken  into  account,  its  competitors  must  still  more  be  re- 
duced. The  early  development  was  done  when  iron  was  not  in  great 
demand.  Thus  a  large  part  of  the  deposit  was  mined  in  time  to  take 
advantage  of  the  brisk  markets  for  ore  between  1870  to  1880.  In  this 
decade  many  thousands  of  tons  were  sold  at  $10  per  ton  and  orders 
were  filled  at  $15.  Fully  66^  of  the  ore  at  Iron  mountain  was  mined 
between  1870  and  1890,  and  the  greater  part  of  this  from  1870  to  1886. 

The  composition  of  the  ores  of  Iron  mountain  presents  rather  a 
wide  range  as  to  the  amounts  of  phosphorus,  as  the  following  analyses 
show: 

12  3  4  6 

Metalliciron 66.93      59.06      66.57      64.67      62.84 

PhoBpfaoras 0.071      0.398     0.032     0.019      0.006 

Phosptaoms  ratio 0.106      0.674      0.049     0.029     0.008 

No.  1  is  from  the  main  vein ;  No.  2,  from  same  vein  nearer  the  porphyry,  and 
oontained  visible  crystals  of  apatite;  No.  3  is  a  sample  of  sorfaoe  ore;  No. 4  is 
ftom  the  surface  near  the  main  vein  on  Big  mountain ;  No.  5,  from  the  sarfaoe  of 
Little  mountain . 

The  silica  is  rarely  high;  the  highest  given  is  11.68%,  the  lowest 
2.51%.    The  above  partial  analyses  are  fairly  representative. 

It  is  a  little  remarkable  that  the  smaller  veins  and  the  part  of  the 
large  veins  near  the  contact  with  the  porphyry  walls  contain  the  high- 
est percents  of  phosphorus.  Why  the  solid  veins  should  contain  the 
highest  phosphorus  is  more  easily  understood.  Many  places  in  the 
more  exposed  parts  of  the  veins  are  honey-combed  with  cavities  from 
which  crystals  of  apatite  have  been  removed  by  weathering,  and,  on 
following  such  a  surface  downward  to  a  point  remote  from  weathering 
influences,  quite  fresh  crystals  are  found.  From  the  boulder  ore,  both 
of  the  surface  and  the  lower  Paleozoic,  almost  the  last  vestige  of  phos- 
phorus has  been  removed,  whil^  the  silica  is  remarkably  low.  At  the 
point  where  the  veins  begin  to  give  out,  the  ore  grows  lean  and  sili- 
cious  through  the  admixture  of  porphyry  and  of  quartz  crystals  and 
grains  which  are  included  in  the  vein  matter. 

As  the  map  shows,  numerous  bore-holes  have  been  put  down, 
which  reached  depths  of  from  one  to  three  hundred  feet.  These  usu- 
ally start  in  a  net-work  of  small  veins  of  ore.     As  depth  is  gained  the 
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veins  grow  fewer  a6  the  fresher  porphyry  is  reached,  and,  thongh  they 
have  not  wholly  disappeared  in  every  case  at  the  bottom  of  the  holes, 
they  seem  to  prove  conclusively  that  no  rich  veins  lie  below.  These 
holes  have  been  pat  down  so  systematically  and  carefully  that  it  is 
hardly  possible  that  a  rich  and  extensive  deposit,  either  vein  or  detri- 
tal,  could  have  escaped  detection.  It  seems,  therefore,  a  fact,  though 
much  to  be  deplored,  that  these  test-holes  point  to  the  conclusion  that 
the  glory  of  Iron  mountain  is  of  the  past. 

BUFOBD   MOUNTAIN. 

About  one  mile  west  of  Iron  mountain  is  a  large  porphyry  hill 
known  as  Bnford  mountain  (shown  on  the  map).  Considerable  *'float" 
ore  has  led  to  the  discovery  of  small  and  unimportant  veins  of  iron  in 
the  porphyry.  No  work  of  development  has  been  done,  as  the  place 
does  not  seem  to  be  of  sufficient  promise.  It  is  expected,  however, 
that  a  series  of  drill-holes  will  be  extended  across  from  Iron  mountain 
to  Buford.  These  prospect  holes  will  reach  into  the  porphyry  through 
the  overlying  Paleozoic  rocks  of  the  intermediate  valley.  If  the  veins 
which  show  up  in  Buford  mountain  enlarge  in  the  valley  it  is  hoped 
thus  to  strike  them.  On  the  other  hand,'if  the  known  small  veins  are 
but  the  remains  of  once  greater  veins,  it  is  thought  that  conglomerate 
deposits  will  be  found  similar  to  those  at  Iron  mountain. 

PILOT  KNOB. 

This  famous  deposit  is  situated  six  miles  south  of  Iron  mountain. 
As  is  shown  in  the  illustration  on  the  next  page,  it  is  in  a  nearly  conical 
hill  rising  1521  above  tide  and  662  above  the  surrounding  valley.  The 
knob  stands  almost  completely  isolated  from  the  surrounding  porphyry 
hills,  being  connected  on  its  eastern  side  by  a  neck  of  porphyry  only  200 
feet  above  the  surrounding  valley.  Unlike  the  porphyry  hills  in  gen- 
eral, the  rocks  of  this  hill  are  distinctly  stratified  near  the  summit.  The 
beds  have  a  dip  of  about  13°  to  the  southwest.  It  is  in  this  distinctly 
stratified  part  of  the  knob  that  the  deposit  of  specular  ore  is  found. 
The  cross  sections  of  the  section  sheet  accompanying  this  report  show 
very  well  the  relations  of  the  ore  body  to  its  enclosing  rock,  while  the 
topographic  features  of  the  knob  are  shown  in  the  cut  of  the  opposite 
page  constructed  from  maps  prepared  by  Prof.  Potter.  There  are  com- 
paratively few  exposures  of  the  porphyry  below  the  outcrop  of  the  ore- 
bed.    The  surfjAce  of  the  hill  is  covered  by  a  heavy  mantle  of  the 
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PIs- 14.    A  contoDied  map  Of  Pilot  Knob  Bud  vicinity. 


The  crBH-llmit  aria  iloiri  flf  fzleni  oj  nfnfiur  on  Pilot  hub.     Small  ciTclaallli  black  cmtm  or* 
jTitl-holrii  Iht  accompanfine  ■vinbn'i  anlhetre/  lirPiM  Knob  ctmpony. 
DanaB  of  tonlffuri  it  tta  laiil. 
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residuary  clay.  This  clay  is  of  two  kinds  :  first,  the  clay  which  is  the 
residanm  of  the  decomposing  porphyry,  and  second,  the  residuary  clays 
of  the  Paleozoic  limestones  which  once  reached  high  up  the  sides  of 
the  knob. 

Scattered  over  the  sarfaoe,  so  thickly  as  at  times  to  wholly  obscare 
the  soil,  are  fragments  of  porphyry  of  various  sizes.  These  porphyry 
fragments  are,  in  places,  thickly  sprinkled  with  boulders  and  fragments 
of  specular  ore  which  have  become  detached  from  the  parent  lode,  and 
have  rolled  down  the  steep  sides  of  the  hill.  If  a  pit  be  dug  in  these 
surface  materials  to  the  solid  rock,  it  will  be  found  that  the  rock  and 
ore  fragments  are  imbedded  in  the  clay  as  well  as  scattered  about  on 
the  surface  of  the  hill.  On  the  northwestern  slope  of  the  hill  the  ore 
fragments  constitute  such  a  large  per  cent  of  the  entire  mass  that  it 
has  been  found  profitable  to  separate  the  ore.  This  fragmental  ore  is 
traced  more  or  less  abundantly  down  the  slope  to  near  the  limestones, 
and  bore  holes  through  the  limestones  in  the  narrow  valley  between 
Pilot  knob  and  Buzzard  mountain  seem  to  show  that  this  detrital 
deposit  extends  under  the  limestones  as  do  the  detrital  deposits  at  Iron 
Mountain. 

Ascending  the  uniformly  steep  grade  of  the  hill  to  about  150  feet 
of  the  summit,  we  come  to  the  deposits  which  have  given  the  mountain 
its  reputation.  At  this  point  the  clays  and  detrital  covering  cease  and 
we  are  led  by  a  series  of  precipitous  rocky  bluffs  to  the  summit  of  the 
knob. 

The  first  rocks  which  crop  out  below  the  ore-body  are  unmistakably 
of  a  porphyritic  nature.  At  first  sight  they  seem  to  differ  in  no  mate- 
rial respect  from  the  other  porphyries  in  this  region ;  but  closer  inspec- 
tion, however,  shows  them  not  to  be  perfectly  homogeneous,  but  to  be 
made  up  of  fragments  of  various  sizes  and  shapes  and  to  be  character- 
ized by  bedding  planes.  As  we  approach  the  ore-body  these  bedding 
planes  become  more  and  more  distinct  till  the  porphyry  characteristics 
wholly  fade  and  are  succeeded  by  alternating  beds  of  siliceous  and  fer- 
ruginous slate,  the  silica  being  in  the  form  of  more  or  less  rounded 
grains  of  sand,  and  these  with  thin  bands  of  good  ore.  The  foot-wall 
proper  of  the  ore-body  is  marked  with  rugose  bands  having  the  appear- 
ance of  ripple-marks,  which  they  undoubtedly  are. 

Next  in  order  of  upward  ascension  is  the  ore-body  proper.  This, 
as  mining  operations  have  shown,  is  from  19  to  29  feet  thick.  It  is 
remarkably  homogeneous,  having  only  occasional  slaty  siliceous  seams 
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or  thin  beds,  and  has  in  a  slight  degree  the  variations  in  thicknesB 
which  are  characteristic  of  any  bedded  deposit  The  ore  body  itself  is 
decidedly  slaty  in  structure,  with  nameroas  jointing  planes.  I^ng 
immediately  over  the  ore  body,  into  which  it  occasionally  passes  by 
insensible  gradations,  is  a  bed  of  ferrnginous  slate.  In  places  this 
slate  is  on]y  a  few  feet  thick,  but  toward  the  eastern  side  of  the  ore 
body  it  thickens  at  the  expense  of  the  ore,  which  thins  oat  to  a  small 
bed.    The  opposite  cut  gives  an  idea  of  the  appearance  of  the  slate. 

Still  ascending,  we  note  that  the  slates  gradually  give  way  to  a 
more  thickly  bedded  deposit,  which,  instead  of  the  fine  grain  of  the 
slate,  partakes  more  of  the  nature  of  a  conglomerate.  The  conglom- 
erate  characteristics  increase  till,  within  a  few  feet  above  the  slate,  the 
beds  consist  wholly  of  a  coarse  breccia,  which  holds  its  own  to  the 
summit  of  the  knob.  There  is  much  iron  present  in  the  matrix  of  thifi 
conglomerate ;  in  fact  a  good  part  of  it  could  be  used  as  a  low  grade  of 
ore,  were  it  not  for  its  association  with  coarser  material. 

The  general  appearance  of  the  knob  being  thus  described,  we  can 
now  take  up  the  more  detailed  description  of  the  iron  ore  body.  The 
ore  of  Pilot  knob  dififers  very  essentially  in  its  physical  aspects  from 
the  ore  of  Iron  mountain.  It  will  be  remembered  that  the  ore  of  Iron 
mountaiu  is  very  co^irsely  crystalline,  though  compact  and  dense. 
The  Pilot  knob  ore,  on  the  contrary,  is  fine  grained,  hardly  ever  show- 
ing a  trace  of  the  coarse  crystal  faces  of  the  other,  and  is  just  as  com- 
pact and  dense,  as  the  Iron  mountain  ore.  Another  material  point  of 
difference  is  in  its  structure.  The  Iron  mountain  ore  is  massive — that 
is,  it  breaks  like  granite — while  the  Pilot  knob  ore  has  more  of  a  slaty 
structure,  which  causes  it  to  split  quite  readily.  This  peculiarity  is 
more  plainly  noticeable  in  the  detrital  ores  which  are  found  in  the 
talus  on  the  northwestern  slope  of  the  knob.  This  ore,  on  weathering, 
breaks  very  readily  along  planes  which  are  scarcely  discernible  in  the 
ore  frechly  mined  from  the  bed.  Another  peculiarity  is  in  the  silica 
contents  |which  are  very  evenly  disseminated  throughout  its  mass. 
Phosphorus,  a  very  undesirable  element,  is  also  present  in  remarkably 
small  quantities,  and  is  uniformly  distributed  through  the  entire  ore 
body.  The  following  partial  analyses  of  the  Pilot  knob  ores  show 
this  even  distribution  of  phosphorus.  No.  1  is  of  the  highest  grade, 
and  No.  2  of  the  lower  grade  of  ore  as  shipped  : 
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No.  I.  No.  2. 

Metallic  Iron 66.83  43.03 

Silica 3.62  30.65 

Sulphur 0.07  0.098 

Phosphorus 0.014  0.021 

These  analyses  represent  large  shipments,  and  may  be  taken  as 
representatives  of  their  respective  grades.  While  their  dense,  com- 
pact stractare  and  rather  high  percent  of  silica,  especially  in  the  No. 
2  grade,  made  the  ores  very  refractory  and  hard  to  work,  their  very 
constant  composition  and  uniformly  low  per  cent  in  phosphorus  made 
them  very  eagerly  sought  for,  especially  by  manufacturers  of  Besse- 
mer pig  iron.  The  ore  body  near  the  foot  wall  was  often  interstra- 
tified  with  siliceous  seams,  and,  at  times,  the  silica  ran  so  high  as  to 
prohibit  the  use  of  the  ore.  There  were  also  some  highly  siliceous 
fieams  in  the  main  ore  body,  but  these  were  a  small  per  cent  of  the 
total. 

The  shape  of  the  ore  body  is  roughly  pear-shaped,  with  the  longest 
axis  extending  north  and  south  and  with  the  stem  end  toward  the 
south.  The  thickest  part  as  mined  out  was  twenty-nine  feet.  The 
body  did  not  hold  this  thickness  east  and  west,  but  showed  a  strong 
tendency  to  thin  out,  especially  on  the  eastern  edge.  The  western 
edge  held  its  thickness  remarkably  well ;  but,  while  holding  this  thick- 
ness, it  ^*  leaned  out "  very  rapidly,  forming  a  rather  abrupt  wall  on 
the  west.  As  mining  proceeded  toward  the  southern  side  the  walls 
oame  together  quite  rapidly,  though  the  ore  still  retained  nearly 
the  same  vertical  thickness.  Farther  south,  however,  in  the  Simpson 
«haft,  it  is  of  much  diminished  size.  The  general  shape  of  the  ore  body 
is  well  shown  in  the  map  on  page  62. 

Before  the  mine  was  exhausted,  numerous  diamond  drill  holes  were 
bored  both  in  the  porphyry  and  through  the  limestones  at  the  foot  of 
the  knob.  No  workable  ore  was  found  in  the  porphyry  in  this  explo- 
ration, but  in  the  valleys  detrital  ore  was  found,  in  places  in  considera- 
ble abundance.  The  results  of  these  borings  were  communicated 
through  the  kindness  of  Prof.  Wm. B.Potter,  who  conducted  the  exami- 
nations for  the  company.  The  drills  showed  between  Pilot  knob  and 
Buzzard  mountain  an  area  of  about  400,000  square  feet,  underlain  by  de' 
posits  of  workable  detrital  ore,  about  200  feet  below  the  surfiace.  The 
cores  brought  up  by  the  drill  showed  the  ore  to  be  as  free  from  sulphur 
and  phosphorus  as  the  main  deposit  of  ore  on  the  knob,  but  it  appeared 
to  be  much  leaner.    On  this  accoaut,  as  well  as  because  of  the  low 
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prices  which  are  now  paid  for  iron,  no  more  work  has  been  done.  Far- 
ther np  the  slope  of  the  mountain,  above  the  line  of  the  Paleozoic 
rocks,  a  detrital  deposit  is  being  worked.  It  is  probable  that  the  ore 
shown  by  the  drills,  as  lying  under  the  limestone,  is  a  continuation  of 
this  deposit. 

SHBPHBBD  MOUNTAIN. 

The  Shepherd  mountain  deposit  lies  about  one  mile  distant  from 
Pilot  knob  in  a  west-southwest  direction,  as  is  shown  in  the  preceding 
topographic  sketch.  Though  lying  so  near,  not  only  the  ore  deposit, 
but  the  country  rock  also,  is  wholly  different.  The  country  rock  of 
Pilot  knob  is  stratified  and  of  sedimentary  origin ;  that  of  Shepherd 
mountain  is  unstratified  and  is  probably  of  eruptive  origin.  The  ore 
of  Pilot  knob  is  interstratified  with  the  rock,  a  bedded  deposit ;  that 
of  Shepherd  mountain  is  a  vein  formation  and  cuts  across  the  rocks. 
The  greatest  dimension  of  the  Pilot  knob  bed  is  in  a  horizontal  direction  ; 
that  of  Shepherd  mountain  is  vertical.  The  ores  of  Pilot  knob  are 
slaty;  those  of  Shepherd  mountain  are  massive  and  coarsely  crystal- 
line.  In  short,  the  nature  of  the  rocks  and  ores  puts  Shepherd  moun- 
tain m  closer  relationship  with  Iron  mountain  rather  than  with  its  nearer 
neighbor. 

It  will  be  remembered  that  at  Iron  Mountain  the  porphyry  was 
almost  wholly  decomposed,  covering  the  surface  with  a  thick  mantle 
of  clay,  in  which  were  mingled  the  boulders  of  iron  ore.  On  the  whole 
mountain  scarcely  a  rock  is  in  sight  save  when  excavation  has  found 
it.  Shepherd  mountain,  on  the  contrary,  is  exceedingly  rocky.  Ledges 
of  porphyry  are  frequently  exposed,  and,  in  many  places,  the  surface  is 
covered  with  fragments  of  the  rock.  Near  the  foot  of  the  mountain, 
however,  there  is  quite  a  heavy  mantle  of  clay.  The  deposit  of  boulder 
iron  is,  however,  very  limited.  On  the  western  and  northwestern 
slopes  there  is  quite  an  abundance  of  boulders,  sub-angular  and  smooth^ 
as  if  water-worn.  These  boulders  are,  many  of  them,  highly  magnetic. 
They  have  never  been  found  in  sufficient  quantities  to  pay  for  working. 

The  open  cuts  shown  on  the  map  on  page  62  indicate  the  posi- 
tion and  direction  of  the  veins.  The  upper  cut  is  the  one  which 
mining  showed  to  be  the  most  valuable.  It  was  opened  up  for  a  length 
of  about  1000  feet.  When  visited  in  1891,  the  rocks  were  in  such  a 
state  as  to  prevent  measurements  of  the  veins  being  made.  The  exca- 
vations showed,  however,  that  it  swelled  and  pinched  in  such  a  way  as 
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to  make  the  mining  of  the  ore  difficalt  and  expensive.  In  places  the 
vein  ore  was  mingled  with  fragments  of  porphyry,  and  occasional 
"horses"  of  beautifully  banded  porphyry  occurred.  Separating  the 
ore  fi'om  the  walls  were  selvages  of  white  and  red  clay.  Although 
four  or  five  veins  were  found,  only  one  was  worked  to  any  extent,  and 
this  at  a  loss.  Only  about  75,000  tons  of  ore  altogether  were  mined 
from  this  place. 

From  the  fact  that  Shepherd  mountain  consists  of  a  coarser 
grained  porphyry,  and  that  its  veins  are  as  numerous  as  those  of  Iron 
mountain,  one  would  infer  that  it  had  suffered  a  greater  amount  of 
erosion,  and  that  this  erosion  had  almost  wholly  removed  the  veins 
formerly  enclosed  in  the  porphyry.  In  such  a  case  one  would  naturally 
expect  to  find  boulder  deposits  as  extensive  and  under  the  same  con- 
ditions as  those  at  Iron  mountain.  As  a  matter  of  fact,  however,  they 
have  not  been  found.  The  shallow  clays  on  the  upper  part  of  the 
mountain  preclude  the  possibility  of  the  existence  of  large  beds  of 
boulders,  while  on  the  lower  slopes  test-pits  and  drill-holes  have  like- 
wise shown  their  absence. 

At  the  northeastern  foot  of  the  mountain,  several  diamond-drill 
holes  were  put  down  for  two  purposes :  First,  to  see  if  a  boulder  de- 
posit existed  ;  second,  to  determine  whether  the  veins  extended  down 
the  mountain  and  under  the  Paleozoic  rocks.  So  far  as  the  first  object 
was  concerned,  the  search  was  unsuccessful.  A  deposit  of  ore  was« 
however,  found  in  the  porphyry  of  considerable  extent.  An  analysis 
of  the  ore  brought  up  by  the  drill  showed  high  percentages  of  phos- 
phorus and  sulphur,  and  was  otherwise  so  undesirable  that,  although 
the  drills  seemed  to  indicate  a  deposit  of  considerable  extent,  nothing 
farther  has  been  done  with  it. 

The  Shepherd  mountain  ores  as  mined  from  the  veins  detracted 
nothing  from  the  high  standing  of  the  porphyry  ores  generally.  They 
were  a  high  grade  Bessemer  ore.  In  silica  they  were  generally  higher 
than  those  of  Pilot  knob  and  Iron  mountain,  but,  as  the  following  analy- 
sis shows,  they  were  otherwise  equally  desirable  : 

AMALTSI8  OF  SHBPHBRD  MOUNTAIN  ORB. 

lDfM>lable  matter 6.76 

Metallic  iron 64.31 

Sulphur 0.00 

Phosphorus 0.017 
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OBDAB  MOUNTAIN. 

Oedar  mountain  lies  one  mile  west  of  Pilot  knob,  and  its  ores  re- 
semble more  closely  those  of  that  place  than  they  do  any  other  of  the 
porphyry  ores.  The  porphyry  of  Cedar  mountain  does  not  differ  essen- 
tially  from  the  typical  rock  of  the  St.  Francois  mountains.  Toward  the 
summit,  however,  there  is  a  tendency  toward  stratification  and  in  places 
there  IS  a  distinct  conglomeratic  structure.  The  color  of  the  conglom- 
erate is  the  same  as  that  on  Pilot  knob,  and  the  more  slaty  rock  has  the 
same  bluish  color  due  to  the  £cattered  flakes  of  hematite. 

In  September,  1872,  according  to  Dr.  Schmidt,  about  two  acres 
were  stripped  of  soil.  This  resulted  in  showing  up  two  deposits  of  ore 
from  one  to  four  feet  in  width  and  about  100  feet  long.  These  were 
diligently  prospected,  but  have  not  yielded  any  valuable  results ;  the 
smaller  deposits  did  not,  as  was  hoped,  lead  to  larger  veins  or  beds. 
The  total  yield  of  ore  did  not  exceed  25,000  tons. 

The  ore  from  a  metallurgical  standpoint  was  fully  up  to  the  best 
of  the  porphyry  ores. 

THB   SHUT-IN. 

Another  deposit  of  specular  ore  is  found  in  the  ^'  Shut-In«"  east  of 
Ironton,  located  on  the  map.  According  to  Prof.  Swallow,  one  of  the 
earliest  furnaces  for  smelting  iron  was  erected  at  this  place  in  1815  or 
1816.  The  place  takes  its  name,  as  already  described  in  this  report, 
from  the  fact  that  Stout's  creek  here  cuts  through  a  narrow  gorge  in 
the  porphyry  rocks.  The  ore  occurs  in  narrow  veins  running  through 
the  porphyry.  One  vein  has  been  quite  thoroughly  tested.  Accord- 
ing to  Dr.  Litton  it  is  nearly  vertical,  with  a  north  and  south  course. 
The  ore  is  of  excellent  quality,  but,  unfortunately,  the  vein  is  only 
about  one  foot  in  width.  Other  small  veins  have  been  found,  but  none 
of  very  great  importance. 

THE  BUILDING  STONES. 
By  G.  E.  Ladd. 

The  building  stones  of  this  and  the  surrounding  country  have 
already  received  quite  full  treatment  by  the  State  Geological  Survey  in 
a  paper  by  Mr.  G.  E.  Ladd,  published  in  Bulletin  No.  1.  Little  can 
now  be  added  to  this  article;  but,  inasmuch  as  a  description  of  the 
building  stones  is  necessary  for  the  completeness  of  this  report,  and, 
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farther,  as  the  edition  of  Bulletin  No.  1  is  now  exhausted,  we  repub- 
lish here  that  part  of  Mr.  Ladd's  article  which  relates  to  the  Iron 
Mountain  sheet : 

THE  GBANITBS. 

These  rocks  have  many  qualities  to  recommend  them,  which  are 
apparent  on  cursory  observation.  The  colors  are  excellent,  varying 
from  red  and  pink  to  gray,  while  often  a  contrast  between  the  colors 
of  the  constituent  minerals  yields  very  beautiful  effects.  They  take  a 
brilliant  polish,  are  very  strong  and  are  reasonably  durable.  Other 
considerations  which  make  these  granites  valuable  lie  in  the  condi- 
tions under  which  they  occur,  and  these  conditions  probably  hold  over 
extensive  areas.  The  first  of  these  is,  that  the  joint-planes  or  open 
seams  in  the  rock  are  in  number  and  arrangement  so  happily  adjusted 
as  to  make  the  quarrying  of  the  rock  easy  and  economical.  The  second 
is  that  very  little  ''stripping"  has  to  be  removed  before  stone  quarry- 
ing may  be  carried  on.  Further,  the  stones  are  easily  split  by  the 
quarryman,  and  are  easily  dressed  by  the  stone-cutter. 

The  localities  where  the  granite  is  workable,  although  not  imme- 
diately accessible  to  the  railway,  can  be  reached  in  most  oases  by 
switches  and  tramways.  The  demand  for  these  granites  for  building 
purposes  and  for  paving  blocks  seems  to  be  constantly  growing.  The 
principal  markets  are  St.  Louis  and  Chicago,  but  the  stone  has  found 
its  way  to  many  distant  parts  of  the  United  States. 

Oraniteville.—'lii  township  34,  N.,  3  E.,  on  the  southern  half  of  the 
line  dividing  sections  10  and  11,  are  two  quarries  which  have  been 
operated  since  1882  by  the  ^'Syenite  Granite"  company.  These  quarries 
are  probably  the  largest  in  the  state.  They  are  admirably  located  on 
hill  slopes,  which  location  permits  of  their  being  drained  by  siphons. 
The  rock  is  a  red  granite,  exposed  in  extensive  out-crops,  generally 
with  a  thin  cover  necessitating  little  stripping.  It  is  very  easily  quar- 
ried, having  a  good  ^'bedding"  plane,  and  vertical  joint-planes  in  suffi- 
cient quantities  to  assist  the  quarryman  greatly  in  setting  out  stone; 
and  yet  not  so  abundant  as  to  prevent  the  obtaining  of  very  large 
blocks.  The  color  of  this  stone  is  red  or  dark  pink,  mottled  with  gray 
and  black — the  red  shades  being  due  to  feldspar,  the  other  to  a  more 
or  less  smoky  quartz.  The  rock  takes  a  highly  lustrous  and  handsome 
polish ;  but  on  account  of  excessive  hardness  it  is  very  difficult  to 
dress. 
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OEDAB  MOUNTAIN. 

Oedar  mountain  lies  one  mile  west  of  Pilot  knob,  and  its  ores  re- 
semble more  closely  those  of  that  place  than  they  do  any  other  of  the 
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tially  from  the  typical  rock  of  the  St.  Francois  mountains.  Toward  the 
summit,  however,  there  is  a  tendency  toward  stratification  and  in  places 
there  IS  a  distinct  conglomeratic  structure.  The  color  of  the  conglom- 
erate is  the  same  as  that  on  Pilot  knob,  and  the  more  slaty  rock  has  the 
same  bluish  color  due  to  the  £cattered  flakes  of  hematite. 

In  September,  1872,  according  to  Dr.  Schmidt,  about  two  acres 
were  stripped  of  soil.  This  resulted  in  showing  up  two  deposits  of  ore 
from  one  to  four  feet  in  width  and  about  100  feet  long.  These  were 
diligently  prospected,  but  have  not  yielded  any  valuable  results ;  the 
smaller  deposits  did  not,  as  was  hoped,  lead  to  larger  veins  or  beds. 
The  total  yield  of  ore  did  not  exceed  25,000  tons. 

The  ore  from  a  metallurgical  standpoint  was  fully  up  to  the  best 
of  the  porphyry  ores. 

THE   SHUT-IN. 

Another  deposit  of  specular  ore  is  found  in  the  ^'  Shut-In«"  east  of 
Ironton,  located  on  the  map.  According  to  Prof.  Swallow,  one  of  the 
earliest  furnaces  for  smelting  iron  was  erected  at  this  place  in  1815  or 
1816.  The  place  takes  its  name,  as  already  described  in  this  report, 
from  the  fact  that  Stout's  creek  here  cuts  through  a  narrow  gorge  in 
the  porphyry  rocks.  The  ore  occurs  in  narrow  veins  running  through 
the  porphyry.  One  vein  has  been  quite  thoroughly  tested.  Accord- 
ing to  Dr.  Litton  it  is  nearly  vertical,  with  a  north  and  south  course. 
The  ore  is  of  excellent  quality,  but,  unfortunately,  the  vein  is  only 
about  one  foot  in  width.  Other  small  veins  have  been  found,  but  none 
of  very  great  importance. 

THE  BUILDING  STONES. 
By  G.  E.  Ladd. 

The  building  stones  of  this  and  the  surrounding  country  have 
already  received  quite  full  treatment  by  the  State  Geological  Survey  in 
a  paper  by  Mr.  G.  E.  Ladd,  published  in  Bulletin  No.  1.  Little  can 
now  be  added  to  this  article;  but,  inasmuch  as  a  description  of  the 
building  stones  is  necessary  for  the  completeness  of  this  report,  and, 
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farther,  as  the  edition  of  Balletin  No.  1  is  now  exhauBted,  we  repab- 
lish  here  that  part  of  Mr.  Ladd's  article  which  relates  to  the  Iron 
Mountain  sheet : 

THE  GRANITES. 

These  rocks  have  many  qualities  to  recommend  them,  which  are 
apparent  on  carsory  observation.  The  colors  are  excellent,  varying 
from  red  and  pink  to  gray,  while  often  a  contrast  between  the  colors 
of  the  constituent  minerals  yields  very  beautiful  effects.  They  take  a 
brilliant  polish,  are  very  strong  and  are  reasonably  durable.  Other 
considerations  which  make  these  granites  valuable  lie  in  the  condi- 
tions under  which  they  occur,  and  these  conditions  probably  hold  over 
extensive  areas.  The  first  of  these  is,  that  the  joint-planes  or  open 
seams  in  the  rock  are  in  number  and  arrangement  so  happily  adjusted 
as  to  make  the  quarrying  of  the  rock  easy  and  economical.  The  second 
is  that  very  little  '^stripping"  has  to  be  removed  before  stone  quarry- 
ing may  be  carried  on.  Further,  the  stones  are  easily  split  by  the 
quarryman,  and  are  easily  dressed  by  the  stone-cutter. 

The  localities  where  the  granite  is  workable,  although  not  imme- 
diately accessible  to  the  railway,  can  be  reached  in  most  cases  by 
switches  and  tramways.  The  demand  for  these  granites  for  building 
purposes  and  for  paving  blocks  seems  to  be  constantly  growing.  The 
principal  markets  are  St.  Louis  and  Chicago,  but  the  stone  has  found 
its  way  to  many  distant  parts  of  the  United  States. 

OraniteviUe.—'lii  township  34,  N.,  3  E.,  on  the  southern  half  of  the 
line  dividing  sections  10  and  11,  are  two  quarries  which  have  been 
operated  since  1882  by  the  '^Syenite  Granite"  company.  These  quarries 
are  probably  the  largest  in  the  state.  They  are  admirably  located  on 
hill  slopes,  which  location  permits  of  their  being  drained  by  siphons. 
The  rock  is  a  red  granite,  exposed  in  extensive  out-crops,  generally 
with  a  thin  cover  necessitating  little  stripping.  It  is  very  easily  quar- 
ried, having  a  good  ^'bedding"  plane,  and  vertical  joint-planes  in  suffi- 
cient quantities  to  assist  the  quarryman  greatly  in  setting  out  stone; 
and  yet  not  so  abundant  as  to  prevent  the  obtaining  of  very  large 
blocks.  The  color  of  this  stone  is  red  or  dark  pink,  mottled  with  gray 
and  black — the  red  shades  being  due  to  feldspar,  the  other  to  a  more 
or  less  smoky  quartz.  The  rock  takes  a  highly  lustrous  and  handsome 
polish ;  but  on  account  of  excessive  hardness  it  is  very  difficult  to 
dress. 
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The  plant  consiste  of  a  switch  about  three  miles  long,  which  con- 
nects the  quarries  with  the  Iron  Mountain  &  Southern  railway,  a  loco- 
motive and  two  stationary  engines,  two  steam  travelers,  a  vertical  and 
lathe  polisher,  several  derricks,  steam  drills,  an  office,  a  store,  exten- 
sive sheds,  work-shops,  etc. 

The  product  from  1882  to  1890  was  about  250,000  cubic  feet  of 
dimension  stone,  about  5,000,000  paving  blocks  and  a  large  amount  of 
^'rip-rap,"  which  has  been  used  for  ballast  by  the  Iron  Mountain  & 
Southern  railway,  and  also  extensively  in  the  manufacture  of  granitoid 
pavement  and  sidewalk  flags. 

Among  the  important  structures  for  which  these  quarries  have 
nupplied  stone  are  the  following : 


Tagln  building St.  LoalB 

Odd-Pello  WB*  ball '' 

Mercantile  Library * ' 

Hoebailding '' 

Singer  building *' 

Commercial  building * ^ 

Liggett  &  Myers  building *  ^ 

Bosenbelm  building *^ 

Meyer  Bros,  building ** 

Drammond  tobacco  factory ....      *  * 

Merchants'  bridge ^  ^ 

St.  Louis  stand-pipe  tower....      " 

Boatmen's  Bank  building ^  ^ 

Rookery  building Chicago,  111 . 

Marshall  Field  building ....  ' ' 

Studebaker  building *' 

Savoy  bote! Dubuque,  Iowa 


Rialto  building Chicago,  111. 

Northwestern  Guarantee  Loan  Co.  build- 
ing  Minneapolis,  Minn. 

Society  for  Savings  building 

Cleveland,  Ohio. 
Central  Savings  Bank. .  .Baltimore,  Md. 

Union  depot Indianapolis,  Ind . 

City  ball Cincinnati,  Ohio 

Cincinnati  Art  museum.  **       *  * 

w^tnabank "        *' 

German  Savings  bank. . .  '  ^        '  * 

Wbitney  Mat.  bank New  Orleans, La. 

Morris  building New  Orleans,  La. 

Oriental  hotel Dallas,  Texas 

Pazton  building Omaha,  Neb. 

Heeat  building Kansas  City,  Mo. 

Corrigan  building "  '• 


Among  the  largest  pieces  of  dimension  stone  which  have  been 
quarried  here  are:  The  Allen  monument  in  Pittsfield,  Mass.,  which  is 
42  ft.  high  and  4i  ft.  square  at  the  base,  and  weighs  about  45  tons  ;  the 
columns  in  front  of  the  Studebaker  building  In  Chicago,  which  are  ten 
in  number,  and  are  each  18  feet  high  and  4i  feet  in  diameter,  and  weigh 
about  18  tons ;  and  the  window  sills  in  a  Chicago  building  on  Adams 
street,  between  5th  Avenue  and  Franklin  street,  which  are  each  3  feet 
square  by  17  feet  4  inches  long. 

H.  A.  Shtahan. — In  township  34  N.,  3  E.,  a  little  south  of  the  Sye- 
nite Granite  company's  quarry,  Mr.  Sheahan  opened  a  small  quarry  in 
August,  1889.  The  manner  of  occurrence  of  the  rock,  with  reference 
to  quarrying,  and  the  character  of  the  stone,  is  similar  to  that  of  the 
Graniteville  quarries.  Little  work  has  been  done  here.  No  dimension 
stone  has  as  yet  been  quarried,  and  only  a  few  thousand  paving  blocks 
have  been  produced,  which  were  hauled  in  wagons  to  Middlebrook  for 
i^hipment. 
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Phil.  Schneider. — In  township  34  N.,  3  E.,  section  10,  west  half,  Mr. 
Schneider  bas  two  granite  quarries,  which  were  opened  in  1885.  They 
are  sitaated  on  the  slope  of  a  granite  ridge  where  drainage  by  siphons 
is  possible,  and  quarrying  is  easily  carried  on.  The  characteristics  of 
the  oat-crop  and  of  the  stone  are  aboat  the  same  as  those  of  Granite- 
ville,  which  have  been  described  above.  The  plant  consists  of  two 
stationary  engines,  a  steam  traveler,  six  derricks,  three  polishers 
(lathe,  vertical  and  pendalam),  a  short  tramway,  blacksmith's  shop, 
office,  boarding  house,  sheds,  tools,  etc.  A  railway  connection  three 
miles  long  with  the  St.  Louis,  Iron  Mountain  &  Southern  railway  has 
been  made.  The  total  output  to  1890  is  about  six  million  paving 
blocks,  in  addition  to  an  undetermined  amount  of  dimension  stone. 
Among  the  important  structures  for  which  it  has  furnished  granite  are 
the  Lemp  building  and  the  Moline  and  Merchants'  bridges,  all  of  St. 
Louis. 

Ozark  Mountain, — About  a  quarter  of  a  mile  south  of  Oraniteville 
is  a  quarry  which  was  opened  in  1869,  and  which  is  the  oldest  granite 
quarry  in  Missouri.  It  is  in  the  same  out-crop  as  the  Graniteville 
quarry,  and  the  stone  answers  to  the  same  description.  The  quarry  is 
not  now  worked,  but  when  in  operation,  from  five  to  six  hundred  men 
have  been  employed  here  at  one  time.  Stone  from  this  quany  was 
used  in  the  construction  of  the  famous  Eads  bridge  across  the  Missis- 
sippi, of  the  Illinois  and  Iowa  state-houses,  of  the  St.  Louis  and  Cin- 
cinnati custom-houses,  and  of  the  Memphis  and  Little  Bock  postoffices. 
The  stone  taken  out  was,  however,  inferior  to  what  can  be  obtained, 
as  it  was  mostly  surface  rock. 

Pilot  Knob  Company. — In  township  34  N.,  3  E.,  section  22,  center  of 
southern  half,  there  is  a  very  small  quarry  belonging  to  the  Pilot  Knob 
company,  fi:om  which  a  few  paving  blocks  have  been  quarried.  The 
out-crop  of  granite  is  very  large  here,  and  it  can. probably  be  quarried 
advantageously  for  dimension  stone,  as  the  joint-planes  seem  to  be  so 
situated  as  to  facilitate  quarrying,  and  yet  not  to  interfere  with  the 
production  of  large  blocks.  The  stone  is  composed  of  grains  of  clear 
transparent  quartz  and  of  crystals  of  dark  pink  feldspar,  which  latter 
gives  it  a  reddish  color.    It  takes  an  excellent  polish. 

THE  LIMESTONES. 

Limestones  exist  in  these  oonnties  in  inexhaustible  supplies.  They 
are  as  a  rule  easily  quarried,  and  8om6  of  them  dress  very  readily. 
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Their  best  color  is  a  soft  bnff,  althoagh  they  are  also  of  a  dark  gray 
and  an  almost  white  color.  They  seem  to  be  very  dnrable.  No  attempt 
has  been  made  to  qaarry  them  for  any  commercial  parposes.  Locally 
they  are  used  extensively  for  foundation  bridges,  walls,  tiling,  etc.,  and 
a  few  very  handsome  dwelling  houses  have  been  constracted  of  them. 

Oariey  and  Mann. — In  township  33  N.,  3  E.,  section  1,  near  the  cen- 
ter,  are  several  small  qaarries  in  the  magnesian  limestone,  which  is 
here  covered  by  about  a  foot  of  stripping.  The  color  of  the  stone  is 
blue  in  some  strata  and  yellow  in  others.  The  yellow  variety  dresses 
easily  and  makes  a  handsome  building  stone,  but  the  blue  is  less  easily 
worked  and  is  less  valuable.  The  strata  vary  in  thickness  from  6 
inches  to  2  feet.  The  output  from  these  quarries  has  been  small,  and 
has  been  used  mostly  for  foundations.  They  furnished  stone  for  one 
small  dwelling  house  and  for  Dr.  Goulding's  hospital,  both  at  Ironton, 
the  latter  a  handsome  edifice. 

Hastings. — In  township  33  N.,  4  E.,  section  5,  southeast  quarter,  is 
a  small  quarry  in  the  magnesian  limestone.  It  is  situated  on  the  west 
slope  of  a  hill,  where  the  workable  stone  is  covered  with  a  bed  of  strip- 
ping many  feet  thick.  The  color  of  the  stone  when  fresh  is  a  dark  green, 
which  fades  to  a  gray  as  the  stone  dries.  It  is  easily  dressed  and 
occurs  in  strata  about  two  feet  thick,  two  or  more  of  which  are  work- 
able.   The  output  is  small  and  has  been  used  mostly  for  foundations. 

Hollman  Bros. — In  township  33  N.,  3  E.,  section  27,  near  Hogan, 
is  a  quarry  in  the  magnesian  limestone,  about  70  feet  long,  33  feet  wide 
and  10  feet  deep.  It  is  on  a  hillside,  and  is  connected  with  the  Iron 
Mountain  &  Southern  railway  by  a  short  switch.  The  stone  occurs  in 
strata,  varying  from  1  to  14  inches  in  thickness.  Its  color  is  bluish, 
streaked  here  and  there  with  drab  or  yellow.  It  does  not  dress  easily. 
The  output  has  been  used  entirely  by  the  Iron  Mountain  &  Southern 
railway,  in  the  construction  of  bridge  abutments  and  culverts. 

Russell, — In  township  33  N.,  4  E.,  section  6,  northeast  quarter,  is 
a  small  quarry  in  the  magnesian  limestone.  The  bed-rock  is  covered 
with  about  3  feet  of  stripping  of  light-red  loam.  Joint-planes  seem 
too  numerous  to  permit  the  quarrying  of  blocks  of  desirable  sizes  for 
dimension  work.  The  colors  of  the  stone  are  gray  and  yellow,  and 
black  in  the  case  of  one  non-coutinous  stratum  of  marble,  which  has  a 
maximum  thickness  of  6  inches.  The  stone  is  very  tough,  has  numer- 
our  veins  of  calc-spar,  and  hence,  is  dressed  with  diflSculty.  The  pro- 
duct has  been  used  in  Ironton  and  Arcadia  for  foundation  purposes. 
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THB  MABBLES. 

In  Iron  connty,  the  distribution  of  the  marbles  is  confined  to  the 
territory  drained  by  Marble  creek  and  the  head- waters  of  Stoat's  creek. 
No  well-directed  effort  has  been  made  to  develop  these  marbles,  bat 
several  partially  saccessfal  attempts  have  been  made.  The  chief  rea- 
sons for  their  discontinuance  have  been:  the  distance  from  railways, 
thinness  of  strata,  frequent  seams  and  blotches  of  green  and  brown 
ferruginous  clays,  which  weather  out  on  exposure,  and  a  tendency  of 
the  stone  to  ^'  pluck  "  in  a  damaging  way  ander  the  tools  of  the  stone- 
cutter. In  spite  of  these  numerous  drawbacks,  there  are,  however, 
places  where  well-conducted  quarrying  might  be  profitable. 

8arah  P.  Childers. — In  township  34  N.,  3  E.,  section  35,  southwest 
quarter,  are  two  or  three  very  small  openings  in  the  out  cropping 
marble,  which  were  made  many  years  ago,  and  are  not  now  worked. 
The  marble  occurs  in  a  hill  which  occupies  an  area  of  many  acres.  The 
hill  slope  is  covered  mostly  by  a  thick  mantle  of  residuary  products  and 
detrital  matter;  but  at  several  horizons  marble  beds  crop  out,  and  it  is 
probable  that  they  have  a  total  thickness  of  many  feet.  Individual 
strata  18  inches  thick  were  observed.  The  stone  has  a  gray  color,  and 
is  mottled  and  streaked  with  green  and  yellow.  Some  of  the  mantel* 
pieces  in  the  Capitol  at  Washington  are  said  to  have  been  taken  from 
beds  here  exposed. 

'  The  exposure  of  marble  on  the  Kramel  land,  described  on  page  30 
of  this  report,  closely  adjoins  the  last,  and  is  apparently  similar  in 
character  and  mode  of  occurrence.  In  addition  to  these  localities  Mr. 
Haworth  describes  the  following: 

About  a  mile  up  the  creek  from  the  Ghilders  quarry,  at  the  Dennis 
Beagan  place,  lining  the  north  bank  of  the  creek  for  a  few  hundred 
yards,  are  three  or  four  layers  of  marble,  one  above  the  other  in  lime- 
stone order.  A  large  porphyry  hill  stands  near  by  to  the  north,  so  that 
the  marble  cannot  be  very  extensive.  Fragments,  of  porphyry  fre- 
quently occur  in  the  marble  and  other  impurities  are  common,  so  that 
but  little  can  be  hoped  for  from  this  place. 

A  second  place  is  on  one  of  the  upper  tributaries  of  Marble  creek, 
along  the  boundary  between  sections  19  and  30,  in  township  33  N.,  4 
E.  Here  is  a  very  white  marble,  but  its  extent  oould  not  well  be  de- 
termined.   Probably  it  covers  only  a  few  hundred  yards  square,  but 
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possibly  it  is  more.  A  little  work  has  been  done  at  two  points,  neither 
of  which  was  extensive  enough  to  show  much  more  than  can  be  seen 
on  the  surface. 

THE  SANDSTONES  AND   OONGLO DERATES. 

The  sandstones  of  this  region  are  often  saccharoldal,  and  are  mostly 
stained  yellow  or  red  with  ferric  oxide.  They  disintegrate  most  easily 
and  are  unfit  for  building  material,  although  they  have  been  used  by 
the  railway  company  in  constructing  bridge  abutments,  and,  locally,  for 
door  and  window-sills. 

Several  varieties  of  conglomerate  and  breccia  are  found,  most  of 
which  are  not  now  in  their  proper  geological  horizon,  but  exist  only  as 
boolders  scattered  over  the  hill  slopes.  The  contained  pebbles  are 
mostly  limestone,  while  the  cementing  material  varies,  being  in  different 
localities,  lime,  silica,  and  limonite  respectively.  On  Pilot  knob  and 
Shepherd  mountain  there  occurs  a  porphyry  conglomerate  in  which 
the  pebbles  (often  large  enough  to  be  called  boulders)  are  porphyry, 
as  is  also  the  cementing  matrix.  This  rock  was  quarried  locally  at 
Ironton,  but  was  found  to  be  not  durable,  disintegrating  very  rapidly. 

Shepherd  Mountain. — On  the  southern  slope  of  Shepherd  mountain 
is  a  small  quarry  in  a  porphyry  conglomerate  which  grades  into  a  coarse 
sandstone.  From  2  to  10  feet  of  stripping  of  clay  and  boulders  covers 
the  rock.  The  stone  is  easily  quarried  and  dressed,  but  that  from  this 
locality  disintegrates  very  rapidly  on  exposure  to  the  weather,  and  is 
practically  worthless  for  building  purposes.  The  output,  which  has 
been  very  small,  has  gone  to  Ironton  to  be  used  for  foundations.  Some 
of  the  steps  of  the  Iron  county  courthouse  are  of  this  stone  and  these 
are  very  deeply  worn,  compared  with  those  of  limestone  with  which 
they  are  associated.  This  is  the  same  quarry  as  is  described  on  page 
3  of  this  report. 

Sandstones  of  similar  character  have  been  quarried  near  Iron 
Mountain,  and  are  referred  to  on  pages  42  and  43;  also  between  Pilot 
Knob  and  Middlebrook,  as  stated  on  page  31. 

THE    CLAYS    AND    SANDS. 

In  the  area  here  discussed  no  sedimentary  clays  have  been  ob- 
served excepting  such  as  have  resulted  from  local  washings  from  the 
hill-sides;  but  of  residual  clays  there  are  very  extensive  beds,  pro- 
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dncts  from  local  decomposition  of  tho  rooks,  which  vary  in  thickness 
from  a  few  inches  to  70  feet  or  more.^ 

^o  deposits  of  kaolin  or  of  other  exceptionally  valuable  clays  are 
known  to  exist,  the  prevalent  material  being  only  adapted  to  the  manu- 
fiactare  of  ordinary  brick  or  drain  tile.  The  only  demand  for  bricks  is 
the  local  one,  which  is  extremely  small ;  consequently  the  industry 
has  been  carried  on  only  in  a  desultory  way.  The  material  used  is  a 
clay  residuary  from  magnesian  limestone,  but  it  is  fit  for  use  only  to  a 
depth  of  about  18  inches,  where,  having  been  weathered  and  leached 
by  rain-water,  it  is  In  a  condition  to  make  a  fair  quality  of  brick  which 
bum  to  very  dark  colors.  The  clay  is  sticky  and  much  sand  is  re- 
quired in  moulding  it,  which  is  probably  the  reason  for  the  failure  of 
several  brick-making  machines  which  have  been  tried  in  Iron  and 
Madison  counties. 

In  Iron  county,  brick  has  been  made  at  Ironton,  Iron  Mountain, 
Middlebrook  and  Arcadia.  The  total  product  amounts  probably  to 
not  over  6,000,000  bricks. 

Sands  are  found  in  abundance  along  the  many  water-courses  where 
they  are  very  accessible.  They  are  of  value  for  building  purposes, 
and  also  as  road  material.  The  friable  sandstones  as  exposed  at  the 
described  localities  are  also  good  sources  of  sand. 

THE  LEAD   ORES.' 

As  already  referred  to  on  page  54,  lead  ore  is  mined  at  Doe  Bun 
in  the  northeastern  corner  of  the  sheet,  but  will  receive  notice  in  the 
report  on  the  Mine  LaMotte  sheet.  Diamond  drill  holes  put  down  in 
the  Belleview  valley,  near  Graniteville  and  near  Ironton,  have  failed  to 
reveal  the  presence  of  ore  bodies,  so  far  as  the  writer  has  been  able 
to  ascertain.  Thus,  though  the  limestones  of  the  Belleview  and 
Arcadia  valleys  belong  to  the  same  formation  as  those  at  Doe  Bun^ 
they  are  not  generally  ore-bearing,  and  the  results  of  examinations  so 
fSEU*  are  adverse  to  the  existence  of  workable  ore-bodies  here  or  else- 
where within  the  limits  of  the  sheet. 

1    See  Geol.  Snr.  of  Mo.  187S,  p.  18.    Raphael  Pampelly. 
3    By  ATltanr  WiAslow. 
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MINE   Lk   UOTTB   SHBET. 


INTRODUCTION. 


LOClTIOn   AND   ABEA. 

Tbe  Mine  la  Moite  sheet  [  pUte  i)  is  ctlled  after  the  oldest 
mining  camp  in  the  area.  The  latitude  of  the  sonth  line  of  the 
diatrict  is  37°  30';  and  of  the  north  37°  45';  the  lines  of  loDgitode 
west  of  Greenwich  are  90°  15'  and  90°  30'.  The  sheet  lies  in 
the  soatheastern  qaarler  of  the  state.  Its  sonthern  limit  is 
about  seventy  miles  north  of  the  Arkansas  line  and  its  eastern 
edge  extends  witbio  twent;  miles  of  the  Mississippi  river.  It 
includes  portions  of  the  three  uounties,  Ste.  Qenevieve,  Madison 
and  St.  Francois.  The  position  with  reference  to  Ibe  coanlies 
is  shown  in  the  accompanying  diagram  ( flgnre  1 ): 


The  ureal  extent  ih  Jfmiiuiiic  tiiileH,  of  uhii  h  approximately 
Ihree-Hftlislie  in  Midisoti  c  oiirit,\  .ind  two  tiftbH  in  St  Francois. 
Only  about  two  ami  oiLt'-li^iri4(|iiar('  milen  nre  contained  in  Ste. 
(icnevieve  county. 


^^^■?i^,-l^^/^.■^.<f^^r^^v,'t:iy4^Av'J^^'4^^^^ 
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MIMB   LA   MOTTB   SHEET. 


PREVIOUS   WORK   IN   THE   AREA. 

The  region  covered  by  the  Mine  la  Motte  sheet  has  loDg 
been  famous  for  its  miueral  resources.  It  contains  the  earliest 
discovered  deposits  within  the  limits  of  the  state.  The  first 
lead  mining  in  the  Mississippi  valley  was  carried  on  in  the  dis- 
trict now  under  consideratiou.  Even  before  the  advent  of  the 
French  the  Chickasaw  Indians  are  reported  as  having  obtained 
the  metal  in  this  part  of  the  country.  About  the  year  1720  the 
French  explorers  first  found  the  lead  deposits,  and  since  that 
time  mining  has  gone  on  more  or  less  continuously. 

The  geological  exploration  of  the  region  is,  however,  of 
very  much  more  recent  date.  The  first  investigations  under- 
taken to  definitely  make  out  the  geological  formations  repre- 
sented are  those  by  King*  who  constructed  a  cross-section  from 
St.  Louis  to  Iron  mountain ;  and  although  the  Mine  la  Motte 
area  was  not  entered  the  existence  in  the  neighborhood  of 
Archaean  and  Silurian  rocks  was  recorded. 

Swallowf  only  incidentally  alluded  to  the  rocks  of  the  area. 

Broadhead.l  in  his  account  of  the  geology  of  Madison 
county,  described  a  considerable  portion  of  the  southern  part 
of  the  area  included  by  the  sheet ;  and  this  was  the  most 
important  source  of  information  until  the  inauguration  of  the 
recent  inriuiry. 

In  his  description  of  the  Mine  la  Motte  estate,  Mill6§  has 
given  many  details  of  interest. 

The  stratigraphical  chapter  in  the  report  on  the  paleontol- 
ogy of  Missouri  contains  the  observations  of  Keyes||  on  the 
relations  of  the  Ozark  series  of  magnesian  limestones  to  the 
Archiean  porphyries.  The  data  given  were  obtained  from  near 
Frederioktown. 


M'ror.   Am     As.   A<1.  srI.,  Vol.  V,  ls'2-2<H).  IHol. 
Mii'Dl.  siir.  Mlssouil.  isl  ami  '2iu\  Ann.  Kepts.,  1>Cm. 
:<;«'ol.  sur.  Missouri.  I.  .'U'JiSTl*.  1»'74. 

$(;iM)l();<lriil  Kepuri  on  Mlm*  la  Motte  estat*-.  the  propiTty  «>f  Hon.  Uowlnnd 
Hazard,  .^liuattMl  In  St.  Kranrols  ami  Madison  count Ics,  Missouri.  New  York,  ISTT 
Mlssouil  lieol.  Sur..  IV,  Mt-A',  Is'.U. 
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Id  the  report  on  the  lead  and  zine  deposits  of  the  State, 
Winslowaod  Bobertson*  have  recorded  the  facts  bearing  apon 
the  occurrence  of  lead  and,  also  have  referred  to  the  geologi- 
cal features. 

Finally,  Haworthf  has  described  the  crystalline  rocks  of 
sontheast  Missonri,  some  of  the  most  important  observations 
having  been  made  within  the  limits  of  the  Mine  la  Motte  sheet. 

PHYSIOGRAPHY. 
SUBFAOB   BELIEF. 

Main  Characteristics,  The  Mine  la  Motte  lies  on  the  south- 
ern slope  of  the  Ozark  dome  near  the  crest  of  the  elevation. 
It  is  a  semi*alpine  region,  with  prominent,  solitary  peaks  irregu- 
larly arranged,  rather  than  arrayed  in  ranges  and  ridges. 
The  extremes  of  altitude  are  about  540  and  1400  feet  above 
tide-level.  The  general  elevation  is  in  the  neighborhood  of 
1000  feet.  Areas  of  equal  altitude  for  every  200  feet  are  dis- 
played on  the  accompanying  diagram,  figure  2. 

In  general  two  principal  types  of  topography  are  repre- 
sented. One  is  a  very  much  broken  or  hilly  region ;  the  other 
is  a  broad  plain  with  rather  rough,  rolling  surface.  The  first 
of  these  comprises  the  porphyry  peaks  of  the  southwestern 
part  of  the  district.  (See  plate  iv  ).  The  elevations  are  in 
reality  only  the  eastern  members  and  outlying  spurs  of  the  St. 
Francois  mountains,  a  group  of  more  or  less  rugged  hills  which 
stretch  away  to  the  southwest  in  an  interminable  succession  of 
peaks  of  nearly  uniform  height.  There  is  no  systematic  ar- 
rangement discernible  in  these  prominent  surface  features. 
Although  indistinctly  defined  ridges  may  be  sometimes  made 
out,  the  rule  is  insolated  mounds,  large  and  small,  rising  irregu- 
larly behind  one  another.  The  landscape  presents  numbers 
of  the  more  important  ones,  all  about  of  equal  height,  equally 
distant  from  one  another  and  surrounded  by  smaller  hills.  As 
in  other  parts  of  the  region,  the  granite  or  porphyry  peaks 
stand  out  in   marked  contrast  above  the  surrounding  plain. 

♦Missouri  <.e<>I.  sur  ,  VII,  Jijr.-r.Tf;,  isn:,. 
♦Missouri  (ieol.  ^ur. ,  \  Ilf.  si  .j^i.  is.t:.. 
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Omag  to. the  resistant  character  of  the  ci^staDtDes  to  the  ele- 
ments disintegration  goes  on  mach  more  slow);  than  with  tbe 
eedimentaries ;  and  the  porphyries  are  less  effected  tban  the 


■■§   npii   KHi    [111    1 -  - 

KiiiiTHK  'i.    Ilypsiitiietric  dlai^ram  of  the  Mine  la  Motte  stiect. 

granites.  Hence  tbe  Blopes  of  tbe  porphyry  bills  are  mnch 
sleeper  than  any  of  the  others.  Along  the  streams  where  the 
waters  impinge  against  the  banks  perpendicolar  walls  are  often 
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formed  which  rise  to  a  height  of  ^00  or  300  feet  before  the 
sarface  of  the  moands  assames  the  normal  slant. 

Being  beyond  the  limits  of  glaciation  the  inequalities  of  the 
indarated  rock  surface  have  not  been  softened  or  modified  by 
accnmalations  of  extra-limital  detritas,  and  ice  debris  has  in  do 
way  altered  or  obscured  the  topographical  expression. 

A  large  part  of  the  area  is  occupied  by  a  lowland  plain. 
The  margin  of  an  npland  which  is  much  better  developed 
farther  westward  passes  through  southwestern  corner.  In  the 
northwest  and  northeast  corners  are  remains  of  the  same  con- 
structional surface  which  is  also  well  displayed  to  the  east  and 
north  of  the  sheet.  The  remnants  of  the  old  npland  are  all 
that  is  left  of  the  original  Tertiary  peneplain  which  forms  the 
general  surface  of  the  Ozark  dome. 

The  present  topographic  expression  is  the  product  of  two 
cycles  of  erosion.  The  evidences  of  the  earlier  of  these  are 
now  nearly  obliterated  by  the  vigorous  action  of  the  later. 

The  leading  features  of  the  area  indicate  with  great  clear- 
ness both  the  comparative  resistance  of  the  various  rocks  and 
the  geological  structure  of  the  region.  The  stratified  rooks 
dip  rapidly  to  the  northeast,  away  from  the  igneous  masses 
which  lie  in  the  southwestern  corner  of  the  district,  with  little 
faulting  and  no  marked  folding.  The  drainage  is  in  a  direc- 
tion opposite  to  that  of  the  dip  except  in  a  few  limited  places, 
where  it  is  nearly  along  the  strike.  The  highest  rocks, 
geologically,  are  in  the  northeastern  portion  of  the  sheet,  the 
lowest  in  the  southwestern. 

All  of  the  rocks  of  the  area  are  hard  and  resistant,  but  as 
compared  with  one  another  marked  differences  are  found  in 
their  ('apacities  for  resisting  disintegration  and  corrasion. 
With  the  vigorous  erosion  which  has  lately  been  renewed  the 
effects  of  the  var^ying  hardness  of  the  several  rock  masses 
greatly  intensities  the  contrasts  of  the  relief.  Hence  the 
areas  occupied  by  porphyry,  granite,  eherty  limestone,  ordinary 
limerock  and  sandstone  all  differ  in  their  topographic  physi- 
ognomy. But  the  several  types  may  be  readily  grouped  into  two 
principal  phases,  of  which  one  forms  an  upland  and  the  other 
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a  lovland  plain.  The  first  is  the  deeply  indeed  cooBtraotional 
aorface — Ihe  Tertiary  peneplain;  and  the  second  is  a  moder* 
»tel;  dissected  plain  lyiofC  ftt  a  somewhat  lower  level.  It  has 
been  called  tbC' Farminglon  lowland.  The  positions  of  the 
phj-siographic  areas  are  sbown  in  the  following  stereogram 
(Bgure  3) ;  the  cross-eeutiODs  of  the  district  in  Tarions  direc- 
tions are  represented  on  the  accorapanjing  plates  ii  and  iii. 


KJgure  :t.    rbyslographlc  i^u 

Tertiary  Peneplain.  The  inoet  promioeDt  phjsiograpbio 
featnre  of  Missoori  is  the  great  Tertiary  peneplaio  which  forms 
the  general  surface  of  the  Ozaik  nplift.  All  of  the  present 
topographic  expression  of  the  southern  part  of  the  State, 
varied  as  it  is,  is  bnt  the  effects  of  erosion  in  the  etTort  to  again 
rednce  the  region  to  base-level.  In  no  part  of  the  nplift,  an- 
less  it  be  in  the  St.  Francois  district,  does  any  portion  of  the 
pre-Tertiary  surface  project  above  the  broad  const rnctiooal 
plain;  and  even  here  the  nearly  uniform  height  to  which  the 
numberless  peaks  rise  would  indicate  that  they  also  were 
practically  obliterated  in  Tertiary  lime  as  prominent  aarface 
features. 

Within  the  boandaries  of  the  Mine  la  Motle  district  the 
remnants  of  the  peneplain  which  conatitutes  the  uplands  are 
found  only  in  the  southern  or  rather  soulhwestern  part,  and 
in  the  northeastern  comer.  The  latter  is  separated  from  the 
soatbwestern  upland  by  a  broad  expanse  of  lowland.  These 
areas  of  upland  poesees  rugged  relief  particularly  the  sooth- 
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western  (plate  iv).  The  Dorthern  district  forms  a  part  of  the 
drainage  divide  which  separates  the  waters  which  flow  north- 
eastward directly  into  the  Mississippi  river  from  those  which 
flow  southward  into  the  Sc.  Francois. 

Tiie  foundations  of  the  npland  are  the  faard««t  rocks ;  in 
the  southwest  the  porphyries  and  in  the  other  parts  cherty 
limestones.  This  region  is  deeply  cut  up  by  the  streams,  the 
principal  one  bein^the  St.  Francois  river,  which  traverses  the 
area  in  a  general  north  to  south  direction.  The  tributaries  are 
small,  numerous,  torrential.  Tbe  valleys  are  contracted,  steep, 
and  the  floodplains  very  narrow.  Tbe  porphyry  hills  rise  in 
high,  irregularly  rounded  mounds,  with  precipitous  slopes. 
When  the  watercourses  wash  their  bases  or  cut  across  them 
narrow  gorges  are  formed  ofcen  with  perpendicular  walls. 

The  persistent  strength  of  the  other  portion  of  the  upland 
surface,  in  the  northeast,  is  a  hard,  very  cherty  limestone  which 
overlies  softer,  less  silicious  beds  of  limerock.  Beyond  the 
limits  of  the  district  the  upland  is  contiuaous,and  the  portions 
appearing  within  the  boundaries  are  long  lobes  or  extensions 
which  project  out  from  main  body.  These  ridge-like  elevations 
terminate  abruptly  in  steep  slopes  which  form  sections  of  a 
rather  pronounced  escarpment,  of  tonuous  course,  but  which 
has  a  general  trend  of  northwest  and  southeast.  The  sides  of 
the  declivity  present  sharply  incised  or  crenulated  outlines. 
The  hills  formed  are  thickly  covered  by  the  hard  cherty  frag- 
ments, which  obscure  or  totally  hide  the  strata  underlying. 
Several  prominent  chert-covered  hilla  which  occupy  isolated 
positions  beyond  th^s  boundaries  of  the  escarpment  appear  to 
be  remnants  of  the  steep  slope  at  a  time  when  it' extended  out 
into  the  lowland  much  further  than  at  present.  These  solitary 
monnds  often  present  a  striking  contrast  to  the  surrounding 
country,  and  form  conspicuons  features  of  the  local  landscape. 

FarmingtOfi  Lowland,  The  median  plain  which  occupies  a 
large  portion  of  the  district  is  a  part  of  a  broad  zone  that 
extends  over  a  much  more  extensive  area.  Within  the  limits 
of  the  sheet  this  belt  runs  in  a  direction  nearly  northwest  and 
southeast.     It  includes  most  of  the  northeastern  two  thirds  of 
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the  sheet.  It  is  limited  on  the  east  by  the  irregalar  cherty 
escarpment  of  the  upland  forming  the  divide  between  the  Mis- 
sissippi and  St.  Francois  rivers.  On  the  west  the  porphyry 
hills  interrupt  its  continuity. 

The  general  elevation  of  the  plain  is  about  1000  feet  above 
mean  tide.  This  level  is  800  to  900  feet  below  the  level  of  the 
great  peneplain. 

The  rocks  of  the  Farmington  plain  are  soft,  or  at  least  much 
more  easily  succumb  to  meteoric  influences  than  do  the  por- 
phyries and  the  cherts.  Its  principal  features  are  the  outcome 
of  rather  vigorous  erosive  action  upon  limestones  and  sand- 
stones, and  its  general  surface  is  rolling.  Wherever  the  cal- 
careoQs  beds  predominate  the  topographic  outlines  are  rounded 
and  greatly  softened;  where  sandstones  occur  the  relief  is 
bolder.  In  the  lowland  the  river  valleys  have  a  tendency 
towards  a  broad  open  type,  in  contradistinction  to  those  of  the 
upland  where  the  narrow  contracted  gorges  prevail.  The  extent 
of  the  plain,  however,  is  not  confined  to  the  areas  of  limestone 
and  sandstone,  but  with  some  modifications  covers  also  the 
granites.  The  latter  disintegrating  much  more  readily  than  the 
porphyries  leave  the  areas  occupied  by  the  fine  giained  rocks 
standing  far  above  them.  The  surface  relief  of  the  granite  dis- 
trict is  noticeable  more  rugged  than  that  of  the  sedimentary 
areas,  but  the  comparative  resistance  of  the  two  kinds  of  rock 
are  not  so  diverse  but  that  the  areas  occapied  may  be  grouped 
together. 

The  lowland  is  a  plain  of  denudation.  It  is  the  product 
of  a  former  cycle  whose  work  was  interrupted  before  comple- 
tion. In  point  of  time  this  cycle  was  a  later  one  than  that 
represented  by  the  Tertiary  peneplain,  and  immediately  pre- 
ceded the  present  one.  The  effects  of  the  present  cycle  of 
erosion  are  well  shown  in  the  sharply  cut  trenches  in  the  plain 
where  erosion  has  recently  been  accelerated  with  vigor. 

Special  Features. — The  Mine  la  Motte  district  exhibits  with 
exceptional  clearness  certain  physiographic  features  of  great 
interest.  These  are  superposed  waterways  ;  and  the  particular 
phenomena  they  present  are  so  conspicuous  that  they  have  at- 
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traeted  the  atteotlon  of  the  Inhabttuita,  who  bftve  applied  to 
them  the  Dame  of  **  ehat-tD."  At  the  poiDt  of  the  "  ehni-iD  " 
the  stream-TAlley  wUoh  la  OBiwlly  quite  wide  and  shallow,  with 
flood-plaina  on  both  aides  perhaps,  ftbraptl;  contracts  to  a 
nurow  gorge  with  steep  sides.  The.wfttereonrse  coatinnes 
to  flow  Id  the  deep  ent  fi>r  some  distsoce,  when  the  vwUbw 
npldly  widens  oat  again  to  ita  former  dimensions,  and  •§»■!« 
the  same  ^pe  of  relief  that  It  bad  above  the  "shnt-in." 
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PiUDRK  i.    The  Frederlcfctown  Sbut-ln. 

An  ezaminalioD  of  the  lithologloal  ohsrftoters  of  the  banks 
of  the  river  shows  that  both  above  and  below  the  point  of 
the  "ehnt-in"  the  rocks  are  ver;  mnch  softer  ^od  mnch  less 
resistKot  than  at  the  contraoted  place,  being  sandstone  or  lime- 
stone, while  at  the  gorge  the  hard  porphyry  appears.  The 
"  ahnti-in  "  is  thas  a  point  where  a  stream  which  has  been  flow- 
ing over  relatively  soft  rocks  crosses  a  belt  of  very  hard  ma- 
terial. Oae  of  the  best  examples  of  a  "shnt-in"  shown  in 
the  EfiDe  ta  Motte  area  is  on  the  Little  St.  Francois  river  aboat, 
two  miles  west  of  Fredericktown.  The  etreacn  aa  it  entera 
from  the  limestone  district  into  the  porphyry  p^isses  betwet-a 
two  high  bills,  (be  channel  being  at  the  bottom  of  a  very  sharp 
V-Bbaped  gorge,  the  aides  of  which  are  the  steep-sloped  monn- 
tains  Devon  and  Backner.  The  waterconree  continnea  for  a 
distance  of  more  than  a  mile  through  the  canyon  before  itagaio 
emerges  into  its  broad  valley  composed  of  limestone. 
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In  the  annexed  sketoh  the  features  of  the  '^shut-in"  are 
admirably  broagbt  oat.  Ttie  ragged  topography  of  the  por- 
phyry area  with  the  river  bisecting  it  is  strongly  contrasted 
with  the  flatter  relief  of  the  less  resistant  limestone  areas. 
Even  the  subordinate  tributaries  of  Slater  and  Mill  creeks  have 
wide  valleys  compared  with  the  "  shut-in."  (Figure  4). 

Five  miles  farther  to  the  west  the  same  stream  enters 
another  porphyry  area.  A  ''  shut  in"  is  formed  in  which  the 
river  runs  for  a  distance  of  more  than  two  miles  to  ita  mouth, 
where  it  opens  into  a  similar  gorge  of  the  St.  Francois.  Pine 
mountain  rises  on  one  side,  and  Tin  and  Hawkin  peaks  on  the 
other. 

The  '*  shut-in  "  on  the  St.  Francois  river  at  the  mouth  of 
the  Little  St.  Francois  is  about  one  and  one-half  miles  long, 
and  runs  at  right  angles  to  the  other  one  just  mentioned. 
Upstream  are  the  less  resistent  granites,  and  downstream  the 
softer  sandstones  and  limestones. 

Similar  physiographic  features  exist  just  outside  the  limits 
of  the  sheet  in  the  Iron  mountain  district.  The  ^'  shut-in  "  on 
Stout  creek,  two  miles  east  of  Arcadia,  is  one  of  the  most 
notable. 

The  explanation  of  the  '^shut-in"  is  found  in  the  rivers 
being  superposed  streams,  whose  courses  were  inherited  from 
a  former  cycle.  As  the  worR  of  erosion  was  begun  after  the 
uprising  of  the  Tertiary  peneplain,  the  streams  corraded  their 
channels  rapidly  along  the  courses  which  they  first  assumed. 
In  the  wearing  away  of  the  rocks,  of  the  limestones  and  sand- 
stones, the  old  porphyry  knobs  were  finally  uncovered,  and  the 
streams  encountering  these  cut  directly  across  them.  In  order 
to  maintain  their  grades  they  eroded  deep,  narrow  channels 
in  the  same  period  that  in  the  softer  rocks  wide  valleys  were 
formed. 

DRAINAGE. 

The  general  drainage  of  the  Mine  la  Motte  region  is  south- 
erly in  direction.  Two  streams,  the  St.  Francois  and  the  Little 
St.  Francois  rivers,  are  the  principal  waterways.  They  unite 
near  the  southwestern  corner  of  the  sheet.    Only  a  very  small 
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area,  in  the  extreme  Dortheastero  corner,  does  not  belong::  to 
the  principal  or  St.  Francois  drainage  system. 

The  St.  Francois  river  rises  a  short  distance  north  of  the 
limits  of  the  sheet,  and  flows  soath  in  an  irregular,  tortaoas 
conrse  through  the  western  third  of  the  area.  For  the  most 
part  the  valley  is  narrow  with  steep  sides  and  no  flood- plains. 
In  the  upper  portion  of  its  coarse  it  is  broader,  more  open, 
with  flood-plains  of  considerable  importance.  This  part  of  the 
channel  is  in  the  less  resistant  limestones,  and  is  nearly  down 
to  grade.  The  decline  is  not  more  than  fonr  or  five  feet  to  the 
mile.  Elsewhere  the  stream  is  acting  vigorously  upon  the 
rocks,  cutting  them  down  rapidly.  The  slope  of  the  bed  is  20 
to  30  feet  to  the  mile.  In  the  more  contracted  places  the  de- 
scent is  very  much  more,  producing  rapids  and  falls.  The 
principal  tributaries  are  Doe  Eun,  Wachita,  Wolf,  Turkey  and 
Pine  creeks.  All  are  small  streams ;  the  first  beingabout  eight 
miles  in  length,  and  the  last  three  not  more  than  fonr  or  five 
miles  long. 

The  Little  St.  Francois  drains  over  one-half  of  the  area. 
It  rises  in  the  northeastern  part  of  the  district  near  Liberty- 
ville,  flows  southward  to  Fredericktown  and  then  abruptly 
bends,  running  nearly  due  west  to  its  juncture  with  the  larger 
stream  in  the  southwest.  Most  of  its  courfie  is  in  the  less  re- 
sistant limestones  and  the  valley  is  consequently  open.  Only 
at  its  moutb  and  near  Fredericktown  is  it  contracted  to  a  nar- 
row gorge.  Directly  east  of  Knob  Kick  the  river  traverses 
the  eastern  edge  of  a  sandstone  belt  for  several  miles;  and 
the  west  banks  are  very  steep,  but  on  the  opposite  side  where 
the  limestones  prevail  the  slope  is  gradual.  The  chief  creeks 
flowing  into  the  Little  St.  Francois  are  Wills,  Musco  and  Fritz- 
zell  on  the  west,  and  Kock,  Village,  Mill,  Slater,  Matthew  and 
Cedar  on  the  east  and  south. 

STRATIGRAPHY. 
GENERAL  GEOLOGY  OF  THE  REGION. 

The  district  covered  by  the  Mine  la  Motte  sheet  contains 
the  oldest  rocks  of  not  only  Missouri,  but  of  the  whole  Mis- 


MINE   LA   MOTTE   8HBBT.  15 

fiissippi  baBio.  It  forms  a  fifth  part  of  a  larger  aiea  made  up  of 
similar  rocks.  Aronnd  the  Dnclens  of  ancieDt  crystallines  the 
strata  of  sabsequently  deposited  formations  are  grouped 
in  concentric  belts  of  greater  or  less  breadth.  The  crystalline 
nacleas  is  composed  almost  entirely  of  igneoas  masses  which 
include  chiefly  granites,  porphyries  and  diabases.  In  many 
places  an  imperfect  beddiug  is  often  noticeable  in  the  porphy- 
ries and  granites,  which  formerly  gave  rise  to  the  belief  that 
these  rocks  were  sediments  which  had  undergone  metamor- 
phism  to  such  an  extent  that  they  are  now  in  the  last  stages 
of  the  process.  Recently  it  has  been  satisfactorily  demon- 
strated that  the  apparent  lines  of  sedimentation  are  really 
pseudo-stratiflcation  planes,  and  that  they  have  been  developed 
in  a  way  that  is  wide-spread  among  rocks  which  have  cooled 
from  molten  magmas. 

The  porphyry  appears  to  be  the  surface  facies  of  the 
coarse-grained  granite  and  seems  to  graduate  downward  into 
the  latter.  This  is  shown  in  the  areas  where  the  granite  has 
been  deeply  eroded,  leaving  high  steep  hills,  the  summits  of 
which  are  often  found  to  be  capped  by  porphyry.  This  being 
the  case  the  general  relation  of  the  granite  to  the  porphyry 
is  that  the  latter  rests  as  a  broad  sheet  upon  the  former. 
Where  the  flinty  crust,  as  it  were,  is  not  broken  through  by 
erosive  agencies  the  porphyry  still  remains  as  the  surface  por- 
tion of  the  general  crystalline  mass. 

The  continuity  of  the  massive  rocks  is  interrupted  by 
numerous  lines  of  fracture.  Most  of  them  are  merely  jointing 
planes;  many  are  slight  fault  lines:  while  still  others  have  the 
walls  spread  apart,  the  space  being  filled  with  basic  material, 
which  forms  dikes,  sometimes  of  considerable  breadth. 

The  jointing  planes  form  several  very  different  series. 
Remarkable  uniformity  in  direction  is  shown  by  the  planes 
belonging  to  the  most  prominent  set.  Slight  variationd  exist, 
but  the  general  trend  is  north  60  degrees  east.  The  second 
series  of  seams  makes  angles  of  80  and  100  degrees  with  the 
more  prominent  one. 
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FAaltlng  is  oommoal;  quite  animportant,  the  throw  bein^ 
aanally  not  more  tlum  a  few  feet.  Some  notable  exReptions. 
lioverer,  are  fcnowo.  The  position  aad  extent  of  the  dido«a- 
tiODB  are  mora  clearly  defined  in  the  ettatlfled  rooks  than  In 
the  cryetalUneB. 

Dikes  of  basto  rook  oooor  rather  abandantiy.  1%ey  rtry 
ftoma  few  inobes  to  50  yards  or  more  tn  width,  and  eat  the 
granitesand  porphyries  alike.  Ko  where  liave  they  been  obserr- 
ed  to  penetrate  the  OTerlylog  eedlmentartea.  Their  number  and 
wide  distrlbntion,  the  ftrest  weight  and  blank  oolor  of  the  rook 
compostog  them  and  their  peoaliariUes  in  weathering,  oanses 
them  to  attraot  maoh  attention. 


Fiiii'RK  5.    StratlKraphlcal  Helatlonsof  the  MmUtones. 

The  JgDeoas  maaseB  of  the  region  are  all  older  than  the- 
sedimeDtary  strata  which  everywhere  rest  ancomformably  npoQ 
the  acid  rocka.  -A  long  period  of  eroaioo  is  represented  by  the 
nnconformity.  The  evidence  is  abandant  showing  that  as  the 
sedimentary  rocks  were  laid  down  over  the  region  the  diversity 
of  surface  relief  was  even  greater  than  that  at  the  preaeot  time. 
This  very  marked  irregularity  in  the  pre-Cambrian  snrface  ia 
the  cause  of  many  anomalous  stratigraphic  featnres  which  are 
met  with  throughout  the  region. 

The  sedimentary  rocks  are  represented  by  an  extensive 
BiiccesBiou  of  magnesian  limestones  with  iutercalcated  sand- 
stones. Almost  always  the  tatter  cover  the  pre-Cambriaa 
elevations,  tbey  also  oocapy  positions  between  the  calcareous 
beds.  ( Au  expression  of  these  relatious  is  given  in  the  accom- 
panying cut,  figure  b.) 
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The  stratified  rocks  dip  away  in  all  directions  from  the 
central  crystalline  area.  Younger  and  yoanger  strata  succes- 
sively form  the  surface  rocks  as  the  distance  increases  froip 
the  porphyry  hills.  The  Paleozoic  is  well  represented  from  the 
Cambrian  to  the  Carboniferous.  From  Iron  mountain  to  the 
nearest  point  on  the  Mississippi,  a  distance  of  thirty  miles,  the 
entire  sequence  from  Archaean  granites  through  the  Cambrian, 
Ordovician,  Silurian,  Devonian,  Carboniferous,  to  the  Coal 
Measures,  is  passed  over. 

GBNBBAL  BBLATIONS  OF  FOBBIATIONS. 

in  the  Mine  la  Motte  district  the  lithological  features  of 
the  various  formations  are  so  persistant  that  their  lithological 
characters  become  important  criteria  in  the  consideration  of 
the  rocks.  Two  principal  classes  are  recognized,  and  these  are 
sharply  contrasted.  One  is  composed  of  massive  crystallines; 
the  other  of  indurated  elastics. 

As  in  other  parts  of  the  southeastern  poi'tion  of  the  State, 
the  crystalline  rocks  are,  with  few  exceptions,  igneous  in  origin. 
They  form  a  considerable  series  of  both  acidic  and  basic  masses, 
the  latter  breaking  through  the  former  in  dikes.  The  first  men- 
tioned constitute  the  granite  and  porphyry,  and  the  second 
diabase. 

The  igneous  rocks  occupy  the  southwestern  half  of  the 
area,  and  are  beneath  all  the  stratified  beds.  Their  upper  sur- 
face, as  in  other  parts  of  the  region,  is  very  uneven  and  the 
sedimentary  layers  are  irregularly  disposed  upon  them.  They 
are  Arch^aii  in  age. 

The  indurated  elastics  embrace  limestone  or  dolomite, 
marble,  sandstone  and  shale.  The  sandstone  forms  a  belt  one 
to  three  miles  wide,  and  of  considerable  thickness  around  the 
crystallines.  There  is  usually  a  bed  of  coarse  conglomerate  at 
the  base,  which  is  composed  of  rounded  boulders  of  the  crystal- 
lines. The  arenaceous  beds  commonly  rest  directly  upon  the 
igneous  masses,  thoagh  frequently  they  are  interstratified  with 
the  limestones.  The  sandy  material  usually  mantles  the  old 
crystalline  elevations. 
O— 2 
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The  Umeitoae  ooDttttnte*  the  iofCmm  rook  oa  ihree  aides 
«f  the  iheet,  fonulDg  m  broad  sone  ootaide  of  the  basal  aaad- 
■toae  itrip.  It  U  for  the  molt  pert  dolomltle  end  ofien  con- 
Ulai  Ane  itttoeooe  grit.  Borne  U  oher^,eipeoUU7  that  in  the  ex- 
treme northeMtent  ooraer.  Ai  a  rale,  the  liaeatone  immediately 
overlies  the  aanditone,  thoogh  In  certain  initanoeB  the  latter 
tUai  oat  and.  the  fbrmer  recta  dl^otly  npon  the  granite.  The 
highly  illloeoae  or  eherty  oharaoter  of  the  uppermost  beds 
gtrea  rlae  to  marked  phyelogiaphlo  foatoree.  The  calcareoaa 
layers  merge  downward  into  the  arenaoeoaa,  forming  an  anio- 
terrnpted  aaooeaaion  of  itrata. 

The  marbles  are  compact  beds  which  lie  directly  npoo  the 
porphyry,    Stratigraphically  they  are  aalmportant  deposits. 

Bliale  Is  fonnd  only  In  thin  layers,  rarely  more  than  a  few 
feet  In  thiokaess.    Those  at  Mine  la  Hotteare  (bssitiferons. 

A  general  solieme  of  olasstAoatlonof  the  geological  forma- 
tioni  exposed  wttltln  the  limits  of  the  district  is  Bhowa  below: 
Table  of  Formatioiu  im  iHm«  la  MoUa  Hitlriet. 
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TYPIOAL   EXPOSDBBS. 


The  combined  masimnm  tbicknesBeB  of  the  rocks  exposed 
above  the  lowest  point  within  the  limits  of  the  Mine  la  Motte 
area  amouDte  to  about  1400  feet.  Actnal  vertical  measure- 
ments of  ontcrops  at  any  one  place  woald,  however,  be  con- 
siderably less.  The  general  seqaeace  is  represented  in  the 
accompanying  Sgare  6. 

Xamber  1,  the  Knob  Lick  granite,  is  best  shown,  perhaps, 
aronnd  the  base  of  the  monntain  from  which  thit  member  takes 
its  name.     It  occupies  a  considerable  area  to   the   sonth  and 
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west,  and  forms  the  larg- 
est eingU  Bnvface  expos- 
ure of  graoite  in  the  State. 
Number  2  is  well  Bhown 
in  most  of  the  mouDtaine 
io  the  aonthweeterD  part 
of  the  sheet,  as  well  as  in 
many  other  places  within 
the  limits  of  the  district 
It  is  found  occupying  all 
the  most  promioeot  emi- 
nences. Where  associ- 
ated closely  with  the 
granites  it  is  found  to 
graduate  downward  into 
the  course-grained  rook. 
Within  the  large  granite 
area  already  mentioned, 
many  of  the  prominent 
peaks  are  capped  by  the 
porphyry,  so  that  every- 
where tbe  latter  may  be 
regarded  as  the  apper  or 
surface  representative  of 
the  former. 

The  sedimentaries  rest 
in  marked  nnconformity 
upon  the  crystallines.  The 
junotare  of  the  two  is 
usually  marked  by  a  bed 
of  crystalline  pebbldS  and 
bowlders  —  number  3, 
which  is  well  shown  at 
many  points.  The  princi- 
pal arenaceous  member 
of  the  snccession  is  the 
LaMotte  sandstou e — 
number  1,  which  is  finely 
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(liBplayed  along  the  railroad  north  of  Mine  1a  Motte  statioiii 
and  OD  the  eBtale  along  Boclt  creek,  and  the  Little  St.  Francois 
river ;  also  north  of  Knob  Lick  station.  The  aaccee  Jing  forma- 
tion, compritiiDg  namtierB  Ave  to  seven, ia  well  exhibited  in  the 
neighborhood  of  Frederieklown,  especially  at  the  railroad 
bridge  oae  mile  to  the  north.  The  shales  in  the  loner  partare 
beat  exposed  at  the  mines  near  Mine  la  Motte,  those  of  the  old 
Rattlesnake  diggings  being,  perhaps,  most  typical.  The  Lesnear 
limestone  has  its  ohnracteristie  development  aronnd  the  head 
waters  of  Book  creek,  though  it  is  well  shown  in  UDineroas 
other  looalitiea. 

The  oatcrops  of  the  granite  and  porphyry  are  so  similar 
throughout  the  entire  vertical  exposure  that  the  sections,  when 
both  are  displnyed^show  little  beyoud  a  gradual  tracailiou  from 
one  to  the  other. 

One  of  the  best  exposures  showing  the  relations  of  the 
stratified  and  massive  rocks  occnrs  on  the  Little  St.  Francois 
river,a  few  hundred  yards  below  the  point  wheie  the  Belmont 
branch  of  the  St.  Loals,  Iron  Mounluin  &  Southern  railroad  , 
orosses  that  stream.  The  disposition  of  the  beds  is  shown  in 
figure  IL. 

/.     Section  north  of  FreAerielttoien  on  Little  St.  Franoou  Bieer, 


Dolomite,  buff,  heavllj  beaded,  with  marlj  partlog* .■       HO 

DolumlLe.  light  reddlah  to  while,  rather  heavLly  bedded,  but  becomlDg 

soneuhatBhaly  In  places  at  the  base,  slJlceous.  with  Dne  quart! 

pebWes  at  the  bottom li 

Snndstone.  maisLve.  though  cross- t>ei]ded  Id  places,  compact,  calcare- 
ous above,  brown  la  color.  (Inegralned.  shaly  and  arsHlaceous 

below K 

.  (^on glomerate,  containing  large,  rounded  bowlders  of  granite,  up  to 
two  (eet  la  diameter,  with  numberlvss  smaller  pebbleg,  sand  ahd 
cloy  ID  the  matrix,  two  to  flve  feet s 


1.    Uranlte.  re],  coarse-grained,  passing  Into  porphyry,  cut  by  basic 

dikes  (exposed] 20 

At  this  point  only  the  attenuated  edge  of  the  LaMotte 
sandstone  is  shown.    As  exposed  in  many  of  the  railroad  ootB 
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to  the  north,  the  formation  presents  the  same  general  lithological 
appearance,  a  yellowish,  rather  heavily  bedded  sandrock,  with 
thin  shaly  bands  sometimes  separating  the  various  beds.  Its 
texture  and  general  character  is  the  same  throughout,  as  is 
indicated  from  the  diamond  drill  cores  which  have  been  obtained 
from  various  places.  A  drill  hole  put  down  a  short  distance 
east  of  the  blacksmith  shop  at  Mine  la  Motte  and  near  the 
margin  where  the  limestone  begins  to  overlap  gave : 

//.  Section  at  Mine  la  Motte, 

Fekt. 

<».  Soil 2 

N.  Clay,  brown  and  reddish,  residuary 11 

7.  Llniost one,  whitish  to  gray,  arenaceous 2 

♦».  Sandstone,  varle^ted,  and  stained 10 

5.  Sandstone,  whitish  12 

4.  Sandstone,  buff  to  straw  color *. . .  28 

a.  Sandstone,  light  colored,  w*hlte  and  yellow  in  thick  alternatlnK  beds, 

with  occasional  shaly  band  178 

2.  Sandstone,  light  reddish 20 

I.  Sandstone,  reddish,  darker  than  layer  above  (penetrated) 9 

The  shaly  portion  of  the  Fredericktown  formation  is  best 
represented  perhaps  in  the  vicinity  of  Mine  la  Motte,  though 
many  of  the  exposures,  which  were  formerly  well  exhibited,  are 
now  greatly  obscured  or  hidden  completely.  At  the  Battle- 
snake  diggings  the  following  minute  alternations  were  recorded 
by  Mr.  J.  E.  Mills,  former  engineer  to  the  mining  company  : 

///.  Section  at  RatthsnaJce  Diggings. 

Fkbt. 

16.    Limestone,  thinly  bedded,  and  drab  shale l.;+4 

15.    Limestone,  »haly 52 

14.    Shale,  clayey 25 

i:<.    Limestone,  shaly 17 

12.    Shale 36 

I I .  Limestone 35 

10     Shale 13 

!i.    Limestone 81 

H.    Shale 56 

7.     Limestone 1.31 

«.    Shale 20 

:>.    Limestone,  light  drab,  with  reddish  drab  blotches. 1.42 

4.    Shale  40 

H.    Limestone,  thinly  bedded,  with  clay  partings,  lighter  colored  than 

below 54 

2.     Limestone,  heavily  bedded,  blue  and  gray,  with  tendency  to  slaty 

structure 3.00 

1.     Limestone,  same  as  Xo.  2,  with  galena  (Jack  bed  ) 7.00 
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The  formttloD  In  genend  ii  lo  anlform  In  ite  liihological 
efawsoten  that  Metiona  tak«D  at  dUbrent  borlRonu  present  very 
oflwlf  the  same  Mqiieno«  of  bsda.  Id  tie  vloiuity  of  Wme  la 
Kotte,  the  borings  which  are  made  with  a  diamood  drill,  show 
BO  marked  difftreaoes.  The  section  at  shaft  So.  1  at  ibe  mioes 
laasfoUows: 


JV.  i8«eMM  el  8X*ft  A'e.  1  at  Mint  H  Motte. 

.    UniMtona,  r*Ilowlih... • 

• 16 

t.ilatr.  wHbsatoBaMiMlMbMs OK 

S.    Utnattone,  bins,  with  gunui  and  prrita T 

t.     UmMtCMM,  ¥rtilts 1* 

•,   UiDMtane,  abounding  In  fflena  In  lUaMmlQMad  fonn IK 

1.   LimMtona,  while,  with  mueh  tal«q*  dtMMiiliwtsd t 

I.   Umertoiia,  wbita.  eontalnbwaometnteiwtnaiSnviitladBM TUt 

One  and  one-half  miles  doe  f sat,  drilling  has  been  done  for 
the  pnrpose  of  looating  a  fault.  On  the  esst  or  down  throw 
ride  the  limestones,  whloh  are  now  removed  throngh  erosiOD  on 
the  west  side,  are  represented  tn  great  tUflkneaSr  showing  that 
mnoh  of  the  formation  in  this  part  of  the  district  has  dissppeared. 
The  upper  part  probably  represents  a  portion  of  the  chert; 
limestone  which  lies  above  the  typical  Fredericktovn  bede. 
The  lower  part  is  manileatly  the  LaHotte  eandBtone.  The 
total  depth  of  this  hole  is  794  feel,  and  the  diamond  drill  lecoid 
(No.  723)  is: 


KO. 

r.  Section  0/ DriUHole  east  of  Mine  la  Motte. 

Clay,  hrown,  rpslduary.  with  marj  chert  fraKraentf 

■iS. 

Mmestone.  dark  Kray 

M. 

Limestone,  dark  BTSy 

™, 

,; 
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in.  I.lmestone,  ilark  ^ray I5't 

15.  Limestone,  will (e >«5 

14.  Limestone,  KHiy fiS 

i;i.  Limestone,  dark  gray 4 

12.  Limestone,  fjray '^ 

11.  Limestone,  dark  gray 45 

10.  Limestone,  gray lo 

;♦  Limestone,  while 2 

s.  Limestone,  dark  gray IIH 

7.  Limestone 12 

♦J.  Llmt>.««tone,  white,  arenaceous 2 

r>.  Limestone,  gray ^ 

4.  Sandstone,  gray '• 

H.    sandstone,  white 12 

2.  Sandstone,  dark  gray 2 

1.  sandstone,  white « 

On  Rock  creek,  two  miles  northeast  of  the  town  and  one 
half  mile  east  of  the  Liberty ville  road, the  same  faalthas  been 
located  and  borings  made.  On  the  down-throw  side  the  holes 
appear  to  have  passed  through  the  limestone  into  the  sand- 
stone below. 

VI.     Section  north  of  Mine  la  Motte. 

Kkkt. 
IL    Clay,  reddish.  With  abundant  chert  fiagments H 

12.  Limestone,  yellowish,  decayed  more  or  less 5S 

11.  Limestone,  gray l<)6 

10.    Limestone,  light  rcddlsli « 

i».  Limestone,  white « 

s.  Limestone,  reddish 5 

7.  Limestone,  gray U 

«>.  Limestone,  dark  colored 2 

5.  Limestone,  gray h 

4  Limestone,  white 21 

3.  Limestone,  dark  colored 9fi 

2.  Sliale,  dark  colored s 

1.     sandstone,  friable,  white 3 

The  limestone  here  has  a  thickness  of  270  feet.  It  rises 
in  the  hills  near  by  to  a  height  of  40  to  50  feet  above  the  top 
of  the  drill-hole;  and  to  the  east,  within  a  mile,  it  reaches  an 
altitude  of  more  than  200  feet  more.  The  chief  portion  above 
the  creek  level  and  the  horizon  of  the  drill-hole  is  the  cherty 
or  LeSaear  limestone. 

GEOLOGICAL   FORMATIONS. 

The  general  sequence  and  arrangement  of  the  rocks  open 
to  inspection  within  the  limits  of  the  area  covered  by  the  Mine 
la  Motte  sheet  may  be  inferred  from  the  table  of  formations. 


tbe  geological  colatnn,  and  tbe  differeat  sections  given.  From 
the  descriptions  of  the  varioas  vertical  sections  the  principal 
lithological  characters  nia.Y  be  deduced.  Upon  the  evidence 
eel  forth  by  these  detailed  stntemeols  mny  be  based  all  attempts 
to  correlate  accurately  the  different  beds  in  various  parts  of 
tbe  district. 

By  bringing  together  in  a  connected  way  this  seemingly 
more  or  less  unrelated  information,  and  by  uonsidering  as  a 
unit  each  geological  formation,  an  aspect  is  given  to  tbe  snbjeot 
that  is  somewhat  ditferent  than  when  tbe  details  are  sboWD  in 
tbe  selected  sections  which  rancli  necessarily  appear  more  or 
less  isolated. 

The  range  of  formations  is  not  great.  The  Archaean  crys- 
tallines  are  uol  complicated  masses.  The  indurated  elastics 
do  not  present  very  great  variation,  and  all  belong  to  a  single 
geological  system — the  Cambrian.  No  Qaalernary  deposits,  ex- 
cept the  residoary  formations  and  a  little  allnvium,  are  fonnd  Id 
the  region. 

my  r.  U.  KejBSHn.l  K    Uaworld.) 

The  Arcfainan  rocks  are  all  igneous  in  origin,  About  one- 
half  of  tbe  Mine  la  Mott«  area  ia  occupied  by  them.  In 
Tftrietal  types  there  ia  small  range.  By  fltr  the  larger  propor- 
tion is  an  acid  series  comprising  graotle  and  porphyry,  the 
former  making  up  fnlly  nine-tenths  of  all  the  eruptives  exposed 
within  the  bonndaries  of  the  sheet,  and  forming  a  part  of  the 
largest  single  area  of  granite  fonnd  in  the  State.  Tbe  basic 
rocks  are  diabases  which- occor  in  dikes  catting  throngh  the 
acid  masses. 

Pkyaieal  Characters. — The  granites  which  are  fonnd  within 
the  limits  of  tbe  area  under  consideration  are  rather  coarse- 
grained, very  compact  rocks,  of  a  reddish  to  bluish  color.  Aa 
a  rnle  tbe  texture  approaches  tbe  porphyritic,  and  the  rock 
passes  into  a  true  granite-porphyry.  Fhenocrysts  an  inch  or 
more  in  length  are  not  infrequent  in  many  places.  On  the  other 
hand,  the  rock  becomes  fine-grained,  graduating  finally  into 
typical  porphyry. 


MINB  LA  MO  ITS  8HBBT.  25 

In  the  porphyritic  faciesof  the  js^ranite,  the  feldspars  make 
up  the  greater  part  of  the  groaDdmass.  The  crystals  have  so 
interfered  with  one  another  daring  the  period  of  their  forma- 
tion  that  they  have  produced  a  hypidiom or phic,  granular  mass, 
through  which  are  scattered  the  quartz  grains  in  the  same  way 
as  in  the  groundmass  of  a  quartz-porphyry.  At  other  times 
the  quartz  crystals  have  formed  in  the  spaces  between  the 
feldspar  grains.  They  then  occaeionally  have  some  of  their 
crystallographic  faces  preserved,  indicating  that  they  were 
formed  before  the  complete  crystallization  of  the  feldspathio 
material ;  or  they  occupy  the  irregular  spaces  left  between  the 
feldspar  grains,  showing  that  they  were  formed  last. 

Chemical  Composition.  Analyses  show  that  the  typical 
granites  of  the  district  do  not  differ  materially  from  typical 
granitic  masses  in  other  parts  of  the  world.  The  degree  of 
acidity  often  varies  between  rather  wide  limits.  A  complete 
analysis  by  Melville  of  the  typical  rock  from  Oraniteville,  which 
is  out  side  of  the  area,  gave  the  following  results : 

PER  CENT. 

U)ss  on  Ignition 0.62 

SIO2 77.05 

AI26., 11.77 

Fe^Oj 2.33 

ra(> 2.21 

K2O  3.U« 

Na.0 2.90 

P;j65 0.02 

Total  100.68 

Another  partial  analysis  of  the  granite  from  the  vicinity  of 
the  Silver  mines,  by  the  St.  Louis  Sampling  and  Testing  works, 
gave  : 

PER  CENT. 

SlOj 73.98 

\\/Oa 14.32 

CaO 1.04 

K2O 3.32 

Na2<> 4  56 

Total 97.22 

Mineralogioal  Constitution.  The  granite  is  a  mixture  of 
quartz  and  feldspar  as  the  principal  components,  with  some 
biotite  also  as  an  essential  ingredient.    As  accessory  consti- 


tventa  there  ere  i^NiUte,  xireon  end  megaetite.  In  order  of 
eiyetellteetion  the  three  minerahi  leet  mentioned  ere  the  Mretr 
to  form*  They  oeenr  in  ninofe  eiyelele  eomnionly  with  BMite 
or  leee  well  defined  eiyeteilogrephie  Cieee.  Thqr  eppeer  ee 
inehielone  in  ell  of  the  later  fimned  ndnerale  but  moet  abnndentl  j- 
in  the  biotite. 

Hezt  in  order  of  fiyrmetion  ere  the  ferro^megneeien  aBieeteei 
Uotite  end  hornblende.  Both  of  theee  ainende  ere  eonpeift- 
tiTdy  rare.  The  flrat  mentioned  forma  on  imporlant  eonetftnenfc 
only  in  e  few  eaaea.  It  ia  nnevenly  diatribnted^  ao  that  at  aome 
pirfnta  the  roek  eontalning  it  ia  qnite  mottled,  thongh  only  m 
abort  diatanee  away  the  miea  ia  entirely  abaent  Farther,  in  m 
loeality  where  blaek  miea  oeenra  it  often  farma  •  aegregnltoa 
maaaea  trom  a  few  inehea  to  a  foot  in  alae.  Althoegh  appercMl^. 
made  up  of  tUa  mineral  a  doae  examination  aho  wa  the  preaeneo 
of  qnarts  and  oeeaaioaally  a  eaudl  amonnt  of  feldapar.  Some* 
timea  the  aegregationa  are  ao  large  aa  to  eaaae  eonaiderable- 
annoyanoe  in  the  qnanying. 

Hornblende  haa  been  obaerved  in  a  few  inataneea  bnt  reiy 
aparingly.  Of  all  the  aeetiona  of  the  roek  examined  lean 
than  half  a  dosen  contain  thia  mineral  and  then  only  as 
oooaaional  crystals.  Much  of  the  dai k  colored  component  which 
is  commonly  called  hornblende  is  not  sacb,  but  black  mica. 

Both  potash  and  soda  feldspars  are  represented,  the  former 
constituting  macli  the  greater  part  of  the  rock.  It  is  the  red- 
dish orthoclase  and  microcline  that  imparts  to  the  granite  ita 
characteristic  color.  The  triclinic  feldspars  are  albite  and 
oligoclase. 

The  qnartz  is  nsnally  allotriomorphic,  with  some  gas  bab- 
bles and  often  slender  hair-like  needles. 

Microscopical  Features — ^The  minate  characters  are  of  par- 
ticular interest,  and  have  an  important  bearing  upon  the  inves- 
tigation of  the  rock  as  a  building  stone.  In  thin  slices,  under 
the  microscope,  the  granite  is  found  to  be  an  allotriomorphio 
or  hypidiomorphic  granular  aggregate  of  quartz  and  feldspar, 
with  some  mica  and  the  accessoiy  constituents  in  minute  crys- 
tals.   Its  general  appearance  is  shown  in  the  accompanying 
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photomicrograph  (plate  v,  figure  I)  which  ia  magnifled  30 
diameters.  The  faQdatnental  differeoces  in  the  appearance  of 
the  granite  and  the  porphyry  is  easily  made  out  by  comparing 
this  illuslration  with  the  other  one  on  the  same  plate  (flgnre  2). 
StraclnraDy,  two  varieties  of  the  granitic  rocks  are  repre- 
sented. First,  there  is  the  perfectly  granatar,  in  which  the 
component  grains  are  all  more  or  less  aniform  in  size,  and  in 
which  the  ditfereot  periods  of  crystallizatioD  are  not  distiu- 
gaishable.  This  is  the  typical  granile.  Second,  there  is  the 
variety  in  which  a  greater  or  less  disparity  in  the  dimensions 
of  the  essential  constitaents  is  observable,  and  in  which  at 
least  two  generations  of  crystals  may  be  readily  made  ont.  In 
its  best  development  it  is  the  porpbyritic  granite.  The  essen- 
tial difference  in  these  two  fades  of  etrocture  are  more  clearly 
brought  oat  in  the  annened  cute  (llgares  7  and  8): 


The  feldspars  show  little  indications  of  decomposition, 
which  is  a  very  favorable  point  iu  determining  the  value  of 
the  rock  for  baildlng  purposes.  Moreover,  the  absence  or 
rarity  of  biotite  and  other  ferro-magnesian  compounds  is  an- 
other factor  in  showing  the  great  resistance  of  the  granite  to 
atmospheric  decay. 

Several  very  interesting  features  are  brought  out  through 
microscopical  examination,  which  deserve  passing  mention. 
These  are  the  occurrence  of  secondary  enlargements  of  feld- 
spar crystals  which  have  suffered  rounding  tbrongh  magmatic 
«^orrosion.    The  later  feldepathic  material  is  oriented  the  same 
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as  ill  the  JDulosed  core  (Qgar^  9.  in  whicb  the  upi>er  nnd  lover 
halves  areciit  at  different  angles).  Anolhar  Btrikine  structure 
is  the  micropegmalile,  the  grains  showiDg  it  betDg  often  very 
abnudant     (flgnre  lOj. 


Diatftbutton  and  Field  Belalumi — Xi  alreidy  stated,  a  very 
large  proportion  of  the  area  onoupied  by  the  crjratallines  of 
the  Mine  la  Molte  district  is  gr»nil«.  Tlie  ex;ent  of  the  princi- 
pal mass  is  eqatvalent  to  an  arpa  of  nearly  50  aqnare  miles.  It 
forma  a  part  of  the  great  central  granite  maaH  of  the  region. 
From  Knob  Lick  it  reaches  westward  beyond  the  limita  of  the 
sheet.  Its  north  and  soatb  exteaaioD  is  from  Doe  Bon  to  the 
Silver  tnines.  On  all  sides,  small,  isolated  areas  also  oocar. 
Od  the  north  the  central  granite  area  is  bounded  by  the  St. 
Francois  river,  and  on  the  east  by  paleozoic  sandstones.  Aloofr 
the  river  blaff,  in  the  vicinity  of  Syenite,  the  rock  is  red  Id 
color,  bnt  a  short  distance  away  it  assomee  a  blnish  tint.  Id 
some  places,as  south  of  tbe  Milne  and  Gordon  qaarry,  it  appears 
to  pass  into  a  porphyry  phase,  bnt  farther  soath  tbe  bine 
variety  is  found.  Still  farther  soathward,  at  Knob  Lick  hill, 
a  fine-grained  rock  occurs,  which  gradnally  changes  into  a 
porphyry  before  the  sumiuit  is  reached,  so  that  the  highest 
portion  of  the  elevation  is  composed  of  the  ordinary,  red  por- 
phyry. 

The  genetic  relations  of  the  red  and  blue  granites  are  of 
mnch  interest,  bat  tbe  difficulties  arising  in  attempting  to  traoe 
their  boaudaries  are  great,  on  aoconot  of  the  heavy  covering 
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of  soil  which  exists  over  mach  of  the  sarface  between  the  river 
blaif  and  the  steeper  parts  of  the  hill,  which  is  aboat  half  a 
mile  away.  Whea  the  grauites  were  first  carefally  observed, 
it  seemed  qaite  possible  that  they  are  not  the  same  mass,  but 
belonged  to  two  different  periods  of  eroption,  bat  so  far  as  can 
be  observed  tbe  evidence  is  quite  conclusive  that  the  red  gran- 
ite, the  blue  granite  and  the  porphyry  are  one  in  origin.  In 
considering  more  carefully  the  distinguishing  characters  of  tbe 
two  periods,  it  is  manifest  that  there  is  only  a  slight  difference 
in  the  color  of  the  feldspar.  Eich  variety  is  composed  essen- 
tially of  quartz,  feldspar  and  a  small  amount  of  biotite,in  about 
the  same  relative  proportions;  and  has  practically  the  same 
texture. 

South  and  west  of  Knob  Lick  hill  the  granite  varies  con- 
siderably, sometimes  closely  resembling  porphyrys,  but  at  otberg 
is  very  coarsely  crystalline.  Wherever  a  ridge  or  hill  occurs  the 
texture  invariably  becomes  finer,  and  the  rock  correspondingly 
more  like  porphyry.  Tbe  only  important  change  in  composi- 
tion is  a  variation  in  the  amount  of  biolite.  For  a  few  milea 
south  of  the  locality  just  mentioned  this  mineral  seems  to  be 
wanting.  But  farther  to  the  west,  especially  in  the  vicinity  of 
the  Silver  mines,  and  on  Stout  creek  beyond  the  limits  of  the 
sheet,  it  is  almost  as  abundant  as  around  Syenite.  To  the 
northwest  of  Syenite  the  biotite  iscomparatively  abundant  for 
a  few  miles,  then  it  gradually  diminishes  in  quantity,  and 
disappears  altogether  in  the  northwest  part  of  the  area. 

North  of  tbe  river,  opposite  Syenite,  sandstone  prevails 
as  the  SDrface  rock,  bat  here  and  there  erosion  has  been  re- 
moved is  so  that  considerable  granite  crops  out.  Such  is  the 
exposure  at  the  old  Allen  and  Yeith  quarry  on  Doe  Bun  (Tp. 
34  N.,  B.  V.  E.,  Sec.  36  ).  A  red  granite  occurs  quite  similar  to 
that  found  at  Syenite ;  and  also  at  the  St.  Louis  quarry  a  little 
farther  to  tbe  northeast.  At  the  latter  point  the  exposure  is 
very  small,  the  sandstone  coming  to  the  walls  of  the  quarry. 
Among  the  small  isolated  areas  is  one  on  Bock  creek,  north 
of  Mine  la  Motte,  which  has  a  very  striking  black  and  white 
mottled  appearance,  the  peculiarities  in  the  color  of  which  is 
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ilae  to  an  almast  pare  white  f«1d3ptr  and  an  iDtensely  black 
biotite. 

Oa  the  MiDe  la  Motte  estate,  jast  east  of  the  dreHsiDff 
worka,  is  a  small  granite  hill  of  a  tew  acres  in  extent,  and  still 
farther  to  the  east  ia  a  larger  mound  of  tbe  same  kind  of  rook. 
These  are  the  most  easlerl;  expasnres  within  the  limits  of  the 
sheet.  Both  are  comparatively  rich  io  biotite,  and  the  feldspar 
is  red.  Riving  it  a  very  pronoanced  red  and  black  color.  Id 
teiture  it  is  finer  than  the  typical  fcraoite. 

East  of  Mine  la  Motte  station  are  three  low  granite  hills. 
The  Little  St.  Francois  river  passes  bettreen  tbe  northern  two, 
and  the  Belmontbranchof  the  St.  Louis,  Iron  Mountain  &  Sonth- 
ern  railway  between  the  southern  two.     The  granite  in  the  two 
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northern  areas  is  about  the  same  and  carries  a  considerable 
amount  of  biolite.  The  rock  iu  the  southern  one  of  the  three 
bills  ban  liKlc  if  any  biotite  and  is  not  80  coarsi'-grained.  This 
\n  the  plai;?,  linloM'  the  railroad  briiitje,  where  occurs  the  excep- 
tionally good  exposurp,  ehowing  the  juncture  between  the 
granite  and  the  overlying  stralilit;d  rocks.  Tbe  river  makes  a 
Hinall  borwc  ehoe  curve  and  <'u(8  ofl'  tlic  soiitlieastern  portion 
of  (lie  K'luite.  On  cjicb  side  of  the  curve,  at  points  not  over 
two  liiiiHliod  yiirils  iipart,  the  relationB  are  well  displayed 
I  plale  vi  ].  Till'  crystalline  rock  in  a  purl  of  an  old  pre-Oam- 
brian  bill.  Its  surlaco  is  pave d  with  rounded  boulders  of  gran- 
ite. froii>  n  few  iiii-lies  u|)  to  several  feet  in  sixe.  These  are 
embedded  in  n  cfuripact  sandstone  which  overlies  ilie  granite 
to  ;i  Ihicknces  of  a  dozen  feet  or  more,  lieconiing  somewhat 
tliinniT.   however,   uphill.     The    relniions   arc    shown    above 
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Immediately  north  of  Fredericktown  are  a  few  small  granite 
mounds.  One  is  really  in  the  northwest  part  of  the  village  on 
the  west  bank  of  Saline  creek.  It  is  only  a  few  rods  in  diame- 
ter. Another  similar  exposure  is  just  north  of  the  railroad 
station,  and  two  others  exist  about  one-half  mile  to  the  east. 
All  the  rock  carries  small  amounts  of  biotite,  has  red  feldspar, 
and  is  tolerably  fine-grained.  Two  and  one-half  miles  north- 
west of  Fredericktown  is  a  low  granite  hill  (Tp.  33  N.,  E.  VI 
E.,  Sees.  1  and  2 ).  The  surface  exposure  covers  about  forty 
acres.     It  is  a  coarse-grained,  red  and  black  mottled  variety. 

West  of  Fredericktown,  about  two  miles,  on  the  eastern 
side  of  Buckner  moantain,  is  a  long,  narrow  strip  of  granite, 
which  lies  between  the  porphyry,  formiog  the  hill  and  the  lime- 
stone surrounding  it.  It  Is  a  red  rock  with  a  small  amount  of 
black  mica.  In  places  it  is  coarse-grained,  but  toward  the 
west  gradually  passes  into  the  porphyry.  On  the  western  side 
of  the  same  elevation  the  porphyry  often  becomes  sufficiently 
well  crystalized  to  admit  of  being  worked  into  paving  blocks. 

South  of  Fredericktown  several  small  outcrops  of  granite 
occur.  There  is  also  apparently  a  ridge  extending  southward, 
which  is  composed  of  granite,  but  has  not,  as  yet,  been  exhumed 
through  erosion.  The  summit  was  encountered  in  excavating 
a  cellar  on  the  Calhoun  place.  A  little  farther  southwest,  near 
the  river,  a  granite  knoll  occupying  an  area  of  a  couple  of 
acres  is  foand. 

Another  small  area  of  granite  is  found  on  the  south  side 
of  mount  Devon.  On  the  northwestern  spur  of  Matthews 
mountain  (Tp.  .33  N.,  R.  VI  E.,  Sec.  34),  is  an  irregular  miss  of 
granite  covering  some  oO  acres.  Bowlders  of  decay,  20  feet  in 
diameter,  are  found  here.  The  rock  is  the  ordinary  red  variety 
of  granite.  On  three  sides  of  the  mass  the  granite  gradually 
changes  into  porphyry. 

The  eastern  base  of  Hawkin  mountain  is  composed  of 
granite.  It  is  a  narrow  strip  extending  northwest  and  south- 
east for  a  distance  of  fully  one  and  one  half  miles.  At  the 
southern  end  it  gradually  passes  into  porphyry.  The  typical 
rock  is  well  crystallized,  and  at  some  points,  especially  near 
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the  Wesley  cbape],  tioatains  an  nuosuftUy  Urge  anioiint  of 
black  mica.  The  feldspathic  ootelitueat  is  reel,  forming  a  reil 
and  black  motlted  rouk. 

A  mile  to  tbe  eoathwest,  on  a  mound  jastjbeyoDd  tbe  ex- 
treme eastern  portion  of  Tin  moanUiu,  is  a  similar  msaa  of 
granite.    Toward  tbe  weal  it  cbaDg^'e  into  porpbjry, 

The  headwaters  of  Cedar  iTeek  pass  between  two  small 
granite  hills.  The  easternmost  occupies  several  acres.  The 
other  is  larger  and  higher.  The  roek  is  a  typical  granite-por- 
phyry; bnt  in  its  fracture,  in  its  weathering  into  immense 
ronnded  bowlders  and  in  its  general  appearance,  it  resembles 
typical  granite.  On  tbe  eastern  side  of  the  bill  it  becomes 
eminently  porpbyriltc. 

Kastof  Bine  monutsin  is  a  prominent,  very  steep,  rounded 
hill,  on  tbe  southwestern  Hank  of  which  is  a  small  area  of 
granite,  of  much  interest  ou  account  of  its  isolated  position  in 
a  broad  field  of  porphyry.  It  is  a  gray  variety,  bnt  with  only  a 
very  email  amount  of  black  mica.  In  textnre,  ii  is  fully  as 
coarse-grained  in  the  central  part  as  the  ordinary  granite,  bnt 
gradually  becomes  liuer  toward  the  margins. 


Phytioal  Oharaetera — The  porpbyries  are  hard  flinty  rooks, 
generally  of  a  reddish  color.  The  latter,  however,  ranges  from 
a  light  pink  to  a  dnl),  dark  gray  or  purple.  In  textare  there  is 
considerable  variation.  Tbe  groaadmass  is  dense  and  very 
fine-grained.  It  assumes  all  graduations  from  a  coarse  micro- 
granite  to  a  fine  deviirified  glass.  Through  the  groandmasa 
are  scattered  abundantly  large  individuals  of  qaarlz  and  feld- 
spar, the  phenocrysts.  The  fine-grained,  compact  character  of 
tbe  rock  enables  it  to  resist  degredational  influences  in  a  re- 
markable way,  as  is  shown  by  the  fragments  loosened  in  joint- 
ing, whicb  preserve  sharply  all  their  irregularities  long  after  the 
hardest  granite  bowlders  have  become  perfectly  ronnded  or 
entirely  decayed.  The  rugged  topographic  forms  presented 
also   clearly    indicate   the   same    properties   of   withstaadiog 
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weathering  inflaeDces.    The  fractare  of  the  porphyry  is  splin- 
tery or  sabvitreoas. 

Chemical  Composition — In  the  porphyries  which  have  been 
analyzed  there  is  not  much  variation  in  the  acidity,  rarely  more 
than  4  per  cent,  the  range  beinif  from  68.60  to  72.40  per  cent. 
An  analysis  by  Melville^  of  the  typical  porphyry,  the  samples 
of  which  were  obtained  just  beyond  the  west  boundary  line  of 
the  sheet  ( Tp.  33  N.,  R.  V.  E.,  Sec.  5 ),  gave  the  following  results  : 

PER  CENT. 

Loss  at  100-  C 0. 17 

lx)s.s  on  Ignition 0  2<'. 

SK)  2    71 .  KS 

Al^jOa 12. ss 

Fe^Oa H.05 

FeO 1.05 

XIO 0.02 

Mno Trace 

Cao 1.13 

MgO 0.3:i 

K^O -I  4»; 

Na2<) 4.21 

PiOft 0.16 

TIO2 0.22 


Total *j9.wl 

Specimens  taken  from  the  summit  of  a  high  granite  knob 
that  occurs  two  miles  northwest  of  the  Silver  mines,  the  top 
of  which  is  capped  by  porphyry,  yielding  the  following  results 
to  the  chemist  of  the  St.  Louis  Sampling  and  Testing  Works: 

TER  CENT 

SlOo 74.12 

Al^Oj 13. K2 

C'ao 1.41 

KA) 3. HO 

Na2<> 5.25 

Mineralogioal  Constitution — What  has  already  been  said 
regarding  the  mineralogioal  composition  of  the  granite  applies 
also  to  the  porphyry.  The  chief  constituents  are  the  feldspar 
and  quartz,  but  the  difference  in  structure  of  the  rock  gives 
them  very  different  relationships.  The  accessories  zircon,  mag- 
netite and  apatite,  are  found  scattered  through  the  ground- 
mass.  The  ferromagnesian  ingredients  are  not,  as  a  usual 
thing,  well  developed.  The  feldspars  are  the  same  as  those 
of  the  granites,  and  comprise  the  four  varieties :  orthoclase, 
G— 3 
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mierocline,  albtte  »ad  oIlgocilMe.  Ttiey  rftnge  from  giafiu  of 
mierosoopio  dlmeDaioDS  in  the  groiiDdiiuuM  to  U^^  pbeao- 
orjBts,  an  inota  or  two  in  lengtli.  The  porpbyritfo  errHtele  of 
qaarU  are  freqaently  roaoded  with  the  ohUMterittle  enb^' 
iBeDta,dae  to  parUal  remelting  before  theorigind  aolfdiflcatton 
of  the  DiRfls. 

XUsroteopUua  ^(nwhm— The  moet  striking  dlffBrenoeB 
between  the  frranite  and  porphyry  are  ehowa  when  thin  eec- 
tiont  of  the  two  rooke  are  examined  under  the  mloroeoope. 
The  fine-grained  matrix,  in  which  are  emtwdded  the  larger  erya- 
tal8,  at  OQoe  ohancterizes  the  latter.  The  groaadmau  variea 
oonsiderably  from  the  typical  mlorogranttlo  Btmotsre  to  ao 
almost  glaasy  oae  which,  however,  ia  nsaally  ao  thoroughly 
devitrified  that  its  original  obaraoter  can  hardly  be  reoognlaed. 
The  varions  phases  which  are  especially  noticeable,  are  the 
mierogranltlo,  granophyrio,  micropegmatttlo,  felsophyrio,  vitro- 
pbyric  and  spherolltio.  A  particalarly  interesting  fiM)ies  is  the 
traohytlo,  in  which  the  minate  crystals  oflath-sliaped  feldapan 


are  arranged  in  the  same  way  as  in  diabase.  The  phenoorysts 
are  mainly  quartz,  thongh  those  of  feldspar  are  not  of  infre- 
i^ueol  occnrrence.  The  appearance,  nnder  the  microscope,  of 
the  porphyritic  quartzes  which  have  been  rounded  or  given 
irregular  outlines  as  the  result  of  partial  resorbtion,  is  repre- 
sented above  (  figure  Vi).  Some  of  the  larger  quartz  crystals, 
however,  preserve  their  crystal lographic  faces,  and  in  thin  sec- 
tions give  sharp,  even  oatlineB  (figure  13). 
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Oenetic  Relations  of  the  Acid  Rooks — The  fact  that  no  sharp 
line  of  separation  exists  between  the  porphyry  and  granite,  and 
that  everywhere  the  two  kinds  of  rock  merge  gradually  into 
each  other,  the  transition  zone  in  different  places  varying  from 
a  dozen  to  forty  or  a  baodred  yards  in  width  or  depth,  appears 
to  afford  good  evidence  that  the  rock  masses  represent,  not 
necessarily  numberless  different  c'raptions  as  was  once  be- 
lieved, but  comp'iratively  few  with  special  differentation  in 
the  different  parts.  Since  the  structural  charac,ter  of  massive 
rocks  is  dependent  largely  upon  the  accidental  physical  con- 
ditions under  which  the  molten  magma  cooled  and  solidified,  it 
is  of  prime  importance  to  take  into  account  the  fundamental 
principles  involved  when  considering  the  relations  of  the  two 
rocks.  Under  ordinary  circumstances,  the  texture  of  an  igneous 
mass  is  glassy,  or  very  fine-grained  at  the  surface.  Its  grain 
becomes  coarser  as  the  distance  from  the  surface  increases. 
Granite  is  commonly  regarded  as  an  abysmal  rock,  one  which 
has  cooled  very  slowly  and  under  great  pressure.  Porphyry  is 
formed  when  the  pressure  has  not  been  so  enormous,  and  the 
cooling  has  been  retarded  less.  At  the  surface,  where  solidifi- 
cation has  gone  on  very  rapidly  and  the  pressure  has  been 
virtually  wanting,  amorphous  glass  is  the  result.  All  these 
stages  m^y  exist  in  the  same  mass,  but  secondary  changes  usu- 
ally have  obscured  or  obliterated  the  original  features. 

In  the  Mine  la  Motte  district  the  conditions  just  described 
appear  to  have  prevailed.  Within  the  granitic  area,  where  high, 
steep  sided  bills  exist,  the  coarse-grained  granite  graduates 
upward  into  fine-grained  varieties  and  finally  into  typical,  aphan- 
itic  porphyry,  which  serves  as  a  protecting  cap  to  the  elevations. 
Similar  graduations  upward  of  the  granite  into  the  porphyry 
in  the  isolated  mountains  are  clearly  observable  in  a  number  of 
cases,  and  it  seems  probable  that  these  facts  would  hold  true  in 
most  instances,  if  proper  means  of  observation  were  afforded. 

Within  the  limits  of  the  sheet  the  principal  granite  masses 
clearly  appear  to  be  areas  in  which  the  superior  surface  facies 
of  the  acid  magma  had  been  removed  through  erosion  ;  and  the 


phyriognphio  fe»taru  of  the  region  point  to  the  aftme  coo' 
olosion. 

DUtraiMen  of  titt  Porphfrtn—tha  genetio  relaUoni  of  the 
porphyry  to  the  granite,  oombined' with  oertnin  pbysfogtapUo 
peooliarLties  whloh  exist  in  the  region,  gire  the  roaki  under 
oon^dention  a  somewhat  snomalone  position  in  their  gei^m- 
phloal  distrlbation.  The  porphyries  ooeor  nsoally  la  Isolated 
patches,  for  the  most  part  of  rather  limited  extent.  The  roeka 
either  form  or  oap  the  highest  hUis.  Uany  are  fbnnd  aoattered 
over  the  aoathwestern  two-thirds  of  the  sheet,  nan^Iy  assoela- 
ted  with  gnaita,  bat  often  protruding  above  the  sedimentary 
beds.  In  the  same  portion  of  the  diatriot  fa  the  largest  wea. 
It  forms  a  part  of  a  mnoh  larger, field  wbioh  extends  Carther  to 
the  vest  and  sonth,  beyond  the  limits  of  the  sheet. 

The  most  interesting  areas  are  the  smaller,  isolated  onea^ 
espeoially  those  which  oocnr  in  the  large  eentfid  granite  region. 
The  most  northerly  mssa  la  at  Knob  Licit.  It  forms  the  snmmf  t 
of  the  hill,  bnt  descending  the  elevation  In  %l\  sides,  the  roek 
gradnaliy  osanmee  a  coarser  and  coarser  texture,  and  Anally 
gradnates  into  coarse-grained  granite. 

On  the  lowland  plain  to  the  aonth  of  Knob  Lick  bill,  the 
sarface  rock  for  a  distance  of  seFcral  milea  ia  almost  midway  in 
texture  between  granite  and  porphyry.  A  few  bandred  yards 
south  of  the  old  Skrainka  quarry,  there  is  a  small  area  of 
granite  in  ibe  northwestern  base  of  a  porphyry  hill.  On  the 
west  side  of  the  same  elevation  a  granite  area  similar  to  the 
one  jnat  mentiooed  oecura  (Tp.  33  N.,  R.  VI  E.,  Sec.  9,  TSE. 
qr.).  Id  aacending  the  hill  toward  tbe  east  the  textare  becomes 
Quer  and  tbe  quartz  grains  assume  oharacteriBtio  outlines  until 
the  rock  ia  changed  completely  into  a  quartz  porphyry. 

Three  miles  northeast  of  the  place  last  mentioned  and 
aboat  tbe  same  iliatance  northwest  of  Mine  la  Alotte  station  is 
another  low  mound  where  tbe  transition  from  tbe  granite  to  the 
porphyry  may  be  made  out  readily. 

A  couple  of  miles  westof  Fredericktown  Bnckner  moontaio 
\i  composed  chiefly  of  porphyry  witb  small  outcrops  of  granite 
at  the  base. 
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Oq  the  west  bank  of  the  St.  FraDCOis,  about  two  miles 
Dortbvest  of  the  Silver  mioes,  a  amall  porphyry  mass  caps  one 
of  the  granite  bills. 

Ooourrence — The  bisio  intrasions  aanally  occar  ia  wetl- 
marked  dikes  which  cot  throagh  the  granite  and  porphyry,  or 
as  in  afewioatances,  in  bosses  almost  circnlar  in  oatline.  The 
dikes  vary  in  width  from  lean  than  an  inch  to  more  than  160 
feet,  yo  general  direction  can  be  given  as  to  their  conrses  ; 
but  ao  far  as  observation  goes,  the;  appear  nsaally  to  trend 
northeast  and  eonthwest,  though  in  some  instances  they  vary 
widely  from  this.  The  walls  are  generally  nearly  vertical 
<  figure  14 ). 


The  locations  of  the  dike  rocks  are  shown  on  the  map.  Id 
many  cases  the  limits  of  the  dikes  can  not  be  defined  ODaoconnt 
of  the  heavy  covering  of  soil  and  other  residual  products  of 
decay.  Id  many  such  eases,  however,  the  location  of  a  dike 
maybe  traced  bytheDomeroua  bowlderaof  black  trap-like  rock 
lying  on  the  surface. 

Pkytical  Charaotera — The  basic  rocks  present  a  marked 
contrast  to  the  granites  throagh  which  they  have  beeo  intruded. 
They  are  very  dark  in  color,  nearly  black,  very  heavy,  tough, 
and  when  struck  with  a  hammer,  gives  forth  the  clear  rioging 
sound  of  metal. 

In  texture  the  diabase  rocks  vary  from  perfectly  holo- 
crystalline  to  glasay.  Where  the  conditions  have  been  favora- 
ble for  slow  cooling,  the  rock  is  as  coarse-graioed  as  the  granite, 
but  at  the  sides  of  dikes  where  the  molten  material  ha^  come 
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iato  direct  oontaot  wltk  the  «otd  country  tock.  an  umorphous 
j^Mi  hH  been  formed.     I 

Tlie  porphyrltio  phai^U  not  aucommon,  au<l  huge,  white 
fddepw  cryeUle  buried  In  n  dark  groaudmaMH  forni  a  BtrikioK 
eombinetioii.  The  phenoerjwte  Bsually  hare  tbeir  orystallo- 
ffnpUe  fluee  veil  developed. 

Okmteml  O»mfo»atou — ^Ilke  diabases  hare  acomparatirel.v 
low  peroeotege  of  illloaf  nboat  St>  per  cent  on  the  average. 
Free  qosrU  li  rarely  preeenL  Theproporiions  of  lime  and  soda 
bidloate  that  the  feldepethio  oonpooents  are  labradorite  and 
bytownltOk  An  oUrlne-bekrinffdlkbaae  from  Skraiuka  yielded 
the  fptloiring  reanlte-  to  the  ehemiet  of  tbe  Si.  Louie  Teetiog 
■nd  SunpliDC  Works: 


KgC 

OaO 

M*tO 


Mineralogioal  Oongtitution — The  basic  dike-rooks  are  Bimple 
ttge^'egAt'es  of  plagioclaae  aad  aoKite,  with  olinae  also  to  oer- 
taln  types,  aa  essential  mioerals.  The  aocesBory  componentB 
are  magnetite,  apatite  and  biotlte.  Id  tbe  less  perfectly  crya- 
taliized  dikes  there  is  preseot  much  DDiodiridaalized  material. 
As  already  slated,  the  feldspars  are  doubtless  chiefly  labradorite 
and  bytowoite. 

Mieroacopieal  Sli-uoture— Great  variety  is  presented  in  ihe 
minute  atrnctare.  Tbe  holocrystalline  rock,  as  shown  In  ita 
typical  development  in  thin  sections  under  the  microscope,  is 
represented  on  the  annexed  plate  rii,  figure  1,  while  the  variety 
contain  much  glass,  and  which  may  be  called  melaphyre,  is 
represented  on  tbe  same  plate,  figure  2;  both  are  magnified  60 
diameters.     In  tbe  more  glassy  phases  theaugite  crystals  often 
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retain  their  crjstallographic  faces.  The  ontlines  of  one  is 
shown  in  the  following  cat  (  figure  15),  in  which  also  a  glassy 
core  is  present  in  the  crystal. 


FKii.KK  i.').    Auglte  Phenocryst,  with  glassy  core 

Location  of  principal  dikes — The  length  and  extent  of  the 
dikes  are  known  in  bat  few  instances.  Some  of  them  which 
lie  close  together  may,  perhaps,  belong  to  the  same  inirasive 
mass.  The  dikes  are  mach  more  nameroas  in  the  soatheast- 
ern  part  of  the  central  granite  area  than  elsewhere. 

On  Batler  hill,  west  of  Knob  Lick  (Tp.  34  N  ,  E.  VI  B., 
Sec.  8,  NW.  qr.),  occur  numerous  bowlders  of  dike  rock. 
They  trend  northeast  and  southwest.  Farther  down  the  hill- 
side to  the  northeast,  a  dike  three  feet  wide,  cuts  through  the 
granite.  The  two,  doubtless,  are  parts  of  the  same  dike.  To 
the  northeast,  a  short  distance,  in  a  small  quarry,  a  dike  six 
inches  wide  is  exposed  in  the  granite. 

Still  farther  to  the  east,  bowlders  of  diabase  appear  at  a 
number  of  places  indicating  the  existence  of  dikes,  but  none 
are  visible  until  a  small  quarry  is  reached  on  the  northeast  side 
of  the  mound,  about  one-half  mile  south  of  the  Milne  and 
Gordon  quarry.  Here  is  an  excellent  example  of  a  small  black 
dike  cutting  through  red  granite.  Fragments  composed  in 
part  of  each  of  the  two  types  may  be  obtained,  the  dike  rock 
adhering  to  the  granite  with  great  tenacity.  A  fourth  dike 
occurs  in  a  quarry  on  the  south  hill  face.  The  character  of 
the  rock  is  the  same  as  the  others  in  the  area. 


40  lam  LA  HOTIB  SHBBT. 

Tiro  and  one-balf  mil«3  dne  sonth  of  Knob  Lick  station 
there  a  namber  of  dikea  v&OM  locations  are  indicKted  by  but- 
fwe  bowlders  (Tp.  34  H.,  B.  VI  B.,  Sec.  2t).  They  are  Toand 
od  the  east  side  of  the  Ugbwaj  leading  lo  Fredericktown. 
In  three  different  placet,  euh  about  200  yards  apart,  ibe  bowld- 
ers are  foond  in  great abandaooe.  The  soath  one  seeme  to  be 
the  largest.  The  line  of  bowlders  may  be  traced  for  aonie  dis- 
tanoe  northeast  from  the  road.  Ab  some  of  tbe  bowlders  are 
qalte  large,  the  dike  is  certatoly  three  ta  four  feet  wide.  The 
similarity  of  the  rooks  in  the  dikes  indicates  an  intimate 
genetic  relation.  They  are  not  very  ooarsely  crystalliEed,  and 
are  composed  of  diabaae-porphyrite. 

At  Boeky  glen,  on  Book  oreek,  two  miles  north  of  the 
Mine  la  Motte.  dressing  works,  is  an  isolated  dike.  The 
stream  passes  between  two  sandstone  hills.  For  a  distance  of 
40  rods  tt  has  worn  its  eliannel  through  ttie  sandstone  to  the 
orystalltnes.  Id  a  nnmber  of  dilTer^nt  places  small  dikes  may  be 
seen  in  the  granlle.  At  the  point  where  the  hills  come  closest 
together  ta  a  dike  about  fbrty  inches  wide  which  passes  in 
Dnder  the  sandstone.  It  is  qnlte  evident  that  the  sandstone 
was  formed  long  enough  after  tbe  iuttnaiou  of  the  dike  for  tbe 
sarfaoe  to  be  worn  down  to  a  level  with  the  granite.  In  the 
bed  of  the  creek,  on  the  north  side  of  a  small  granite  monod 
east  of  the  dressing  works  at  Mine  la  Motte,  a  dike  of  diabase 
porphyrite  is  exposed.  The  snrface  covering  entirely  conceals 
it  both  to  the  north  and  sooth,  so  that  it  can  be  traced  only  a 
few  feet.  It  is  not  over  five  or  six  feet  wide,  and  it  trends 
northeast  and  soathwest. 

Two  miles  west  of  Mine  la  Motte  station  (Tp.  34  N.,  B. 
YI  E.,  Sec.  31),  on  the  north  side  of  a  hill  by  the  road  is  a 
small  ontcrop  of  dike  rock,  whicb  is  a  good  example  of  olivine 
diabase.  The  exposed  area  is  small,  and  is  occQpied  partly  by 
bowlders,  and  partly  by  rocks  rising  three  to  fonr  feel  above 
the  snrface  of  the  gronnd.  These  are  portions  of  the  dike 
which  have  resisted  decay  better  than  the  adjoining  country 
rock.    The  basic  mass  is  very  solid  and  compact,  is  coarsely 
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crystalline  tbroughoat,  and  is  practically  identical  with  the  dike 
rock  at  Skrainka. 

At  Skrainka  occnrs  a  dike  which  is  widely  known  ou  ac- 
count of  a  paving  block  qaarry  which  has  been  open  in  it. 
For  years  it  has  been  worked  for  paving  material  which  is  sent 
into  the  market  nnder  the  name  of  ^^  blae  granite."  The  qnarry 
is  located  at  the  largest  exposure  of  the  dike.  There  are  other 
outcrops  near  by  which  probably  belong  to  the  same  intrusive 
mass.  The  rock  is  coarsely  crystallized,  of  a  bluish  gray  color, 
and  is  as  typical  an  olivine  diabase  as  there  is  in  the  region. 
The  quarry  is  located  on  the  southwest  side  of  the  hill,  but  the 
dike  extends  up  a  ravine  to  the  east  several  hundred  yards,  and 
up  a  second  small  ravine  to  the  northwest  fully  as  far.  The 
hill  to  the  north  is  porphyry,  which  gradually  changes  into 
granite ;  that  to  the  south  and  also  the  one  to  the  west  are  of 
similar  character.  West  of  Skrainka  less  than  a  mile  is  another 
exposure  of  dike  rock,  which  has  been  worked  into  paving 
blocks  to  a  limited  extent.  Still  further  west  is  a  second  ex- 
posure of  bowlders  covering  several  acres  of  almost  level 
ground.  The  dike  itself  is  not  visible.  Across  the  ravine  to 
the  west,  the  presence  of  a  third  dike  is  shown  by  the  occur- 
ence of  numerous  bowlders. 

On  the  south  slope  of  Skrainka  hill,  in  a  ravine  running 
southwest,  is  a  dike  five  feet  wide,  cutting  porphyry.  It 
trends  north  30  degrees  east,  and  has  a  number  of  small  bran- 
ches leading  off  from  it  nearly  at  right  angles.  It  is  very  fine- 
grained, so  much  so  that  macroscopically  it  seems  to  be  a 
perfectly  homogeneous  mass. 

Along  the  Fredericktown  and  Ironton  road,  from  three  to 
five  miles  west  of  the  former  place,  large  masses  of  dike  rock 
are  exposed  at  numerous  places.  Some  are  badly  decayed, 
while  in  the  case  of  others  there  are  large,  fresh  bowlders.  A 
similar  exposure  also  occurs  a  short  distance  south  of  the  road 
near  Frizzell  branch.  The  character  of  these  rock  is  the  same 
as  at  Skrainka,  so  much  so  that  specimens  from  the  two  places 
cannot  be  distinguished  from  each  other. 
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On*  the  nortii  slope  of  Mount  Devoo,  in  tbe  bed  of  a 
»TiDe  opooing  Into  tbe  little  St  Fraacois  river,  jast  above  an 
old  ford,  U  »  dike  eeven  feet  In  xiidib.  Tbe  characters  of  the 
roek  are  peealler.  About  one  foot  of  tbe  maea  od  each  side 
U  the  ordinerj  dtobeae,  bst  the  remaioiDg  portioa  ie  vnlirely 
different.  JMtgt  eryetale  of  o  light  pink  feUIepar  are  ecattered 
tbrongh  the  roek,  oome  of  theto  being  fully  two  inches  iu 
dloaetor. 

Another  dike  of  epamelr  orj-Blallized  diabase  is  located 
three  aUles  to  the  aoatbWMt,  In  a  branch  of  Mattbev  creek 
(T^  8S  5^  B.  VI  K,  Bee.  MQ ;  tod  one  also  a  litlle  further  to 
the  loatbireit  In  eeetton  SI. 

One  of  the  largeet  dlsbaae  masses  id  the  whole  region  is 
OS  the  northweetem  flank  of  Tin  mouniain  (Tp.  33  N.,  R.  VI  E., 
See.  30).  It  la  of  parBonlar  iDteresi  on  acuonni  of  a  great  ex- 
eltemoDt  wbleh  aroae  more  than  -M  .vears  ago,  concerning  the 
inppoaed  exiatenoeof  tin  ore.  Tbe  dike  is  fully  50  yards  wide 
at  me  place,  and  appears  to  cot  into  ibe  norifaein  side  of  the 
hill;  bnt,  as  ft  cannot  be  found  either  to  tbe  north  or  soaih,  it 
Is  probable  that  it  is  a  boss,  rather  than  a  dike.  The  rock  dif- 
fers flrom  that  In  and  aroond  Skraiuks  in  being  mncta  less  per- 
fectly orystslllzed,  and  in  having  a  darker  color  and  a  more 
waxy  Instre.  Tbe  microscope  shows  that  folly  one-foutfa  of  ' 
the  mass  has  never  crystallized  and,  therefore,  exists  in  the 
form  of  a  glass. 

Kast  of  Silvfi'  mines,  on  Pine  creek,  bowlders  of  diabase 
indicate  ihe  proximity  of  a  dike  several  feet  in  width. 

At  and  aroood  the  Silver  mines  area  number  of  dikes. 
On  tbe  left  bank  of  the  St.  Francois  river,  jnst  below  the 
stone  dam,  a  dike  four  feet  wide  cuts  throngb  the  granite.  It 
has  yielded  to  decay  rapidly  so  that  it  appears  as  a  stair-caae 
with  granite  walls.  The  rock  is  very  fine-grained,  dark-colored 
and  contains  much  ftlassy  matter.  Across  the  stream  another 
dike  may  be  seen. 

Back  from  tbe  river  on  each  side  bowlders  are  quite  com- 
mon.altboagh  tbe  dikes  are  not  visible.  At  one  place  on  the-weat 
side,  about  one  bandred  yards  from  tbe  stone  dam,  bowlders 
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are  foand  containiDg  porpbyriotic  qaartz  crystals.  The  com- 
position of  the  rock  is  aboat  the  same  as  the  average  small 
dike,  excepting  the  presence  of  the  free  silica. 

On  the  Dallas  road  leading  west  from  the  Silver  mines, 
along  the  banks  of  a  small  branch,  occar  a  great  many  bowlders 
of  dike  rock.  Aboat  one  mile  to  the  northwest  is  a  large  area 
covered  with  diabase  fragments,  the  arrangement  of  which  in- 
dicates the  existence  of  a  basic  boss,  or  large  ciroalar  area, 
rather  than  a  true  dike.  A  little  farther  to  the  northwest  is  an 
anasaally  large  namber  of  bowlders,  their  position  indicating 
a  dike  at  least  fifty  yards  wide.  It  is  composed  of  a  typical 
olivine  diabase,  and  is  very  coarsely  crystallized.  Not  far  away 
ii  a  very  interesting  dike  which  is  aboat  sixty  inches  wide.  It 
trends  northeast  and  southwest,  and  is  in  granite.  The  ground- 
mass  is  fine-grained,  and  when  examined  macroscopically,  seems 
to  be  a  homogenous  mass.  It  carries  a  large  number  of  small 
porphyritic  quartz  crystals,  with  rounded  and  corroded  sur- 
f<ices,  and  also  many  pink  feldspar  crystals  which  are  much 
larger,  some  measuring  more  than  an  inch  in  length.  These 
crystals  are  principally  orthoclase,  although  a  few  are  of  the 
more  acid  triclipic  species.  A  silica  deteimination  of  this  rock 
gave 62.50  percent.  The  appearance  of  the  rock  is  well  shown 
in  plate  viii. 

On  the  southeast  spur  of  Blue  mountain  (Tp.  33  N.,  B.  Y 
E.,  Sec.  22),  are  numerous  bowlders.  From  their  abundance  at 
different  points  it  is  probable  that  more  than  one  dike  exists. 
This  is  the  location  of  the  so-called  asbestos  mine.  Careful 
examination  and  considerable  digging  failed  to  find  the  mineral 
in  place,  though  thin  plates  of  it  were  found  to  occur  in  residual 
clays  on  the  hilleide. 

Some  of  the  smaller  basic  plates  illustrate  well  the  differ- 
ent phenomena  accompanying  dike  formation.  In  one  place 
noticed,  fragments  from  the  adjacent  granite  wall  are  broken 
off  and  included  in  the  intrusive  mass.  Small  tongues  branch  off 
at  short  intervals  where  there  chanced  to  be  branching  fissures  ; 
and  at  one  point  the  apophyces  from  the  dike  passed  through 
other  dike  material,  as  is  plainly  shown  by  a  marked  difference 
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In  eolor.  It  is  not  likely  tb»t  this  repKMaia  iwo  dlsunei 
periods  of  eruption,  bat  ntthn  that  the  lavft  Is  the  first  Bar- 
row flssare  eooled  before  tbe  dislartwnee  entlrrij  eeued,  and 
vaa  efterward  broken  thronglt  hj  »  new  flssare  wUeh  In  tarn 
WM  Ailed  fh>iD  below. 

CAK8B1AH. 

'Sbo  sttatifled  rooks  of  the  Mine  Is  Hotte  ^ttlet  eom- 
.prlse  a  aoooessioo  of  SMtdstones  and  m^neslsa  linestODea. 
They  rest  directly  apon  the  massive  erystallinw.  Ko  atimta 
younger  than  the  O^mbrlaa  are  believed  to  be  represeatad. 
But  lew  foastta  have  been  foand  fa  the  roeks  of  the  area  ao 
that  the  likanal  evideooe  as  to  geologiod  age  ia  aomewbait 
meafcer. 

Wtthtn  the  Umlts  of  the  area  three  anbdivliiona  of  the 
Oambrian  are  easily  made  oat.  ^e  members  are  aharply 
separated  f^om  one  another  by  llthologioal  ebaraeters,  ena- 
bling them  to  be  readily  reeogofEtble  wherever  exposed.  n« 
lowermost  is  the  LiHotte  sandstone;  the  median  one,  th« 
Predeiiektown  limestone ;  and  the  appennoat,  the  LeSveor 
Umeatone. 


Mine  )a  Hotte  saudstone  ia  a  name  that  has  been  applied 
to  the  arenaceoaa  beds  immediately  overlyiog  the  Archtean 
roeks.  It  has  never  been  property  defined  as  a  geological 
term,  Ifaongh  used  specifically  as  a  tiile  to  designate  ceriaio 
beda  that  are  foaod  in  the  vicinity  of  the  Mine  la  Hotte 
estate.  Since  the  name  was  first  nsrd,  the  sandatone  at  the 
chief  mine  of  the  diatiict  has  been  (raced  for  a  considerable 
distance  away,  and  the  geographical  extent  accnrately  de- 
termined for  the  entire  area  occnpied  by  the  sheet,  Arenaceoaa 
beda  beyood  the  limits  of  the  district  have  also  been  correlated 
with  it.  It  appears  desirable,  therefore  to  retain  the  name  La 
Motte  for  the  aaadstODe  in  question,  and  at  the  same  lime  to 
fix  its  a|)pticittion  by  a  better  defioition  of  iia  essential  features. 

As  showQ  in  its  typical  development,  the  LaHatte  aaud- 
atone  is  a  rather  soft,  compact,  modinm- grained  rock,  composed 
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of  clear  qaartzose  grains,  with  more  or  less  calcareous  and 
magaesian  material  as  the  cement.  In  color  it  is  brown,  baff 
or  white,  bat  sometimes  assumes  dark  brown,  deep  red  or 
parple  shades,  especially  in  approaching  the  base  where  it 
rests  on  the  old  weather  surface  of  the  porphyry  and  granite. 
Usually  the  formation  is  homogeneous  and  massive  or  heavily 
bedded,  though  frequently  thin  limestone  bands  are  intercal- 
cated,  and  toward  the  crystalline  hills,  it  has  a  tendency  to  be- 
come thinly  bedded  and  shaly.  Upward  the  sandstone  often 
graduates  into  the  limestone,  the  sand  particles  becoming  less 
and  less  numerous  and  the  calcareous  matter  more  abundant 
until  the  change  is  complett".  The  thickness  of  the  zone  of 
transition  from  one  to  the  other  is  sometimes  not  more  than 
three  or  four  feet.  The  passage  from  one  lithologically  dis- 
tinct bed  to  another  also  tikes  place  horizontally  along  the 
same  stratigraphic  planes. 

At  the  bottom  the  arenaceous  and  argillaceous  materials 
form  the  matrix  for  the  conglomerate,  made  up  of  rounded, 
water-worn  pebbles  and  bowlders  composed  of  the  underlying 
crystallines.  The  conglomerates  are  very  changeable  in  litho- 
logical  character  and  irregular  in  distribution.  Moreover,  they 
are  not  confined  strictly  to  the  base  of  the  formation,  but 
bowlder  beds  often  occur  some  distance  above  the  crystalline 
floor.  At  Doe  Bun,  especially,  are  the  granite  pebbles  thus 
disposed.  In  the  mine  at  this  point,  rounded,  granite  masses 
of  various  sizes  are  encountered  at  the  base  of  the  limestone. 
One  of  the  drill  records  (  No.  4)  of  a  hole  put  down  southeast 
of  shaft  No.  2,  gave  the  following  succession : 

VII,     Stction  near  Shaft  No.  2,  Doe  Run. 

FKKT. 

\2.  (May,  residuary,  and  soil 12 

11.  LliiH'stone,  inaKneslan,  white  and  yellow 21) 

H).  Limestone,  Kray  «<> 

i».  ciranlte.  bowlders 1 

s.  Limestone,  ^ray H 

7.  (iranlte,  lx>wlders 1 

*\.  Limestone,  ifray 1*> 

:>.  <;ranlte,  bowlders ."• 

4.  Limestone,  with  small  granite  pebl)li'3  ♦» 

A  Limestone,  Kray,  with  shale  bands 5 

I.  Shale,  with  Kninlte  bowlders l-^ 

1.  (iranlte,  solid  r penetrated) 2 
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Id  geognphltul  dlitrtbolion  the  LaMolte  saudslone  prs* 
•enta  sone  ctrikfaig  pannUnttiM.  It  oaeiiH  011I7  ta  th«  Pjinn- 
IngtOQ  lowland  plain,  of  whtoh  It  forma  the  niadlaa  itert,  tk« 
grantte  on  the  irest  and  tb«  non-efaerty  napM^a  llmeataaea 
on  the  eaflt  oontUtntinit  the  other  portloDB.  Ita  prinelpal  de- 
velopment U  aroood  the  borders  of , the  large  granite  area, 
where  It  forms  a  siDaons  belt  fhtm  two  to  three  Biles  In  width.  - 
Its  main  body  is  thaa  semf-olraolu  la  ontllne.  In  Uie  porpb^piy 
district,  to  the  Boath,  the  sandstone  area  soon  breaks,  np  lDt« 
small  Isolated  patehes,  and  ita  coatlnaltyeannot  betraoed.  To' 
the  north  la  the  vlolnity  of  Doe  Baii  It  appears  te  thin  oot  rap- 
idly, and  the  limeatooe  rests  directly  apon  the  erystalliiies,  as 
Is  shown,  not  only  by  oatcrops,  bat  by  diamond  drtn  eorea, 
which  dtselose  the  strata  for  depths  of  two  to  three  bandred 
feet 

As  a  contlnnona  formation,  the  sandstone  at  present  la . 
known  to  oconr  only  within  the  boondariea  of  the  sheet.  Beda 
thooght  to  be  the  sane  have  been  reported  from  Detfl^boriog 
districts,  bnt  as  yet,  there  is  no  positive  evldenee  of  tfaelr  ezaet 
continuity. 

AltbooKh  probably  everywhere  present  Jnst  above  the 
granite  the  bottom  part  of  the  formation,  the  conglomerate,  is 
well  displayed  at  comparatively  few  places.  Sonth  of  the 
Silver  minfa  comglomeratic  beda  cooBistini^of  granite  and  por- 
phyry pebblee  and  small  bowlders  are  found  interstratified  with 
bomogeneoas  eandstooe  layers.  In  the  northwestern  corner 
of  MadieoQ  conoty,  on  Wachitn  creek,  are  also  eoae  good  ex- 
poBore  of  the  conglomerates. 

The  geological  position  of  tbe  LaMotte  sandstone  within 
the  area  is  manlfeatly  at  tbe  base  of  tbe  sedimentary  rocks. 
Its  npper  limits  is  well  defined  by  a  heavy  magnesian  limestone 
of  Cambraia  age-^the  Fredericktown  formation.  There  is 
usually  little  difllcnlty  io  making  ont  its  boundary  above ;  bat 
with  the  lower  limit  tbe  case  is  different,  though  restiog  every- 
where on  tbe  Arcbiean  rocks.  Wbile  tbe  line  of  junctare  with 
tbe  nnderlying  crystallines  is  even  more  prononnced  than  with 
tbe  overlying  limestones,  tbe  very  nneven  floor  apon  which  the 
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sandstoDe  rests  makes  the  practical  demODStratioa  of  the  exact 
position  of  the  line  in  bd;  particnlar  place  one  of  cooslderable 
iiocertniaity.  There  are  bat  few  outcrops  showing  well  the 
relations  of  the  two  formations.  One  of  the  beat  is  on  the 
Little  St.  Francois  river,  joet  below  the  railroad  bridge,  north 
of  Fredericktown.  (See  flgare  U.)  The  detaiU  have  already 
been  given  in  another  place.  The  ancient  granite  knoll  has 
been  partially  uncovered  throngh  very  recent  erosion.  The 
old  surface  is  quite  steep,  and  upon  it  rests  the  sandstone  which, 
however,  is  soon  replaced  by  limestone.  Farther  downstream 
is  a  similar  exposure  on  the  opposite  side  of  the  knoll. 

Near  the  moatb  of  Rock  oreek,  north  of  the  Mine  la  Motte 
estate,  the  line  of  juncture  is  shown  in  the  bed  of  the  stream. 
For  some  distance  the  aaodstone  is  nearly  white  and  rests  at 
one  point  upon  the  summit  of  an  old  granite  bill  which  has 
Just  begun  to  be  nnearthed.  The  base  of  the  sandstone  is 
somewhat  coarser  than  it  is  above  and  conlains  a  few  small 
crystalline  bowlders.  There  are  also  several  other  points  in 
the  vicinity  of  Mine  la  Motte  which  show  practically  the  same 
phenomena  Other  good  ontcrops  exist  south  of  Knob  Lick. 
The  thickness  of  the  sandstone  varies  greatly.  Its  present 
^^nmesu.nl?«hiie.sanaj;  "PPer  Surface  is  about  900  feet 
'""anliwlif/e '^''' '^"''"  above  the  sea  level,  and  eon- 
,^a"dllonl;,""o«-  a'i'utesa  part  of  the  Farming- 

ton  plain  modified  by  recent 
erosion.  The  space  occupied  by 
it  may  be  regarded  as  between 
this  level  and  the  uneven  gran- 
ite floor.  It  becomes  attenn- 
'     reiiow  Vds  ated  over  the  old  knolta,  or  thins 

ont  altogether  against  the  larger 
Archii-«n  hills ;  while  in  the 
ancient  valleys  it  manifestly 
thickens  very  much.  At  Mine 
la  Motte,  a  drill-bole  (No.  2LI) 
put  down  at  the  western  edge  of 
Fredericktown  limestone  passed 
liIi^^l''o^^6"Mnd«one."''''"'''' through  258  feet  of   this  sand- 
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■toa«.  The  dorkredootoroF  the  rock  at  ihe  boUom  of  tbe  hole 
indliHttABthftt  the  drill  hftd  nearly  reached  the  granite.  The  bed 
of  limestone  Bt  the  top,  and  the  variability  of  the  lithological 
etuuMtere  of  the  undetooe  are  showu  Id  the  preceding  cat 
(figure  16). 

PBSDBBIOETOWN    DOLOMITB. 

The  term  Fredertoktovb  is  aiiplied  to  the  doq  cherty  omg- 
DeaikD  limestone,  which  forms  a  cousiderahle  portion  of  the 
snrfitoeof  the  Farmtngton  lowland  plain.  It  constitutes  nearly 
all  of  the  oalcareoas  cook  occurring  wilhia  the  area,  and  ex- 
tenda  beyond  the  Itmltt  of  the  Mine  la  Motte  sheet. 

Tiro  sabdtTistoas  rather  dielinclly  marked  are  recogniz- 
able, the  tower  one  being  tn  the  oDiin  an  ordinary  grayish  lime- 
atone,  with  some  sandf  material  and  shaly  layers,  and  occDpy- 
Ing  abont  one-third  of  the  total  thickness,  or  about.  75  feet ; 
and  the  nppetone,a  baff  dolomite,  tolerably  free  from  silicious 
matter,  and  having  a  maximum  thickneaa  of  over  200  feet. 

The  lower  limeatone  il  the  chief  ore-bearing  rock,  and  is 
typloallf  developed  at  the  Mine  la  Motte,  where  it  is  well  ex- 
posed on  aocoant  of  the  extensive  mining  operations  carried 
on  in  that  viointty.  By  the  miners  it  is  faritaer  separated  into 
an  inferior  or  "white  rock,"  and  a  superior  or ''black  rook,"  each 
portion  oODtaioing  a  distinot  ore  bed. 

The  "  white  rock  "  is  a  light  colored  limestone,  varying  ia 
places  from  white  to  gray  or  yellow,  thoagh  some  layers  are 
often  dark  drab.  It  ie  more  or  less  distinctly  silicions,  some- 
times the  silica  being  in  a  finely  divided  state  and  sometitnee 
in  the  form  of  sandy  material.  The  oolitic  beds  occur  locally. 
At  the  mine  the  "white  rock"  has  an  average  thickness  of 
about  50  feet.  In  the  middle  is  the  lower  ore  horizon,  called 
the  "blnfT"  bed,  from  its  principal  development  at  the  BlnfT 
diggings.  It  varies  from  6  to  10  feet  in  thickness,  the  average 
being  abont  7  feet. 

The  "  black  rock  "  is  a  dark  colored  often  shaly  limestone. 
It  is  drab  or  bluish  betow  and  becomes  lighter  colored  above, 
and  has  a  total  thickness  of  about   20  feet.     Numerons  thin 
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beds  of  dark  shale  occar  with  some  sandy  layers.  The  shales 
coDtaiD  myriads  of  little  fossils — the  Lingulella  lamborni  ( Meek  )• 
The  lower  five  or  six  feet  make  up  the  upper  ore  horizon,  the 
^^jack  bed."  It  is  distinguished  from  the  lower  ore  stratum 
chietly  by  the  absence  of  silicions  oolite  and  the  presence  of 
shale  layers.  The  lithological  details  of  the  ''  black  rock, '  as 
already  given  for  the  Rattlesnake  diggings,  section  III,  are  as 
follows : 

Details  of  Section  at  Rattlesnake  Diggings, 

KKET. 

10.  Lltnestoiift,  thinly  beJdecl,  and  drab  shale IM 

15.  Limestone,  shaly 52 

U.  Shale,  clayey "25 

in.  [-.hnestonu,  shaiy  17 

12.  Shale 86 

11.  LUneilone 35 

10  ShJile 13 

t>.     LUnestoue 81 

s.    Shale 56 

7.    Limestone 1.31 

«.    Shale 20 

5.    Limestone,  lijcht  (Irah,  with  rediMsh  drab  blotches  1.42 

4.    Shale 40 

3.    Limestone,  thinly  bsdded.  with  clay  i>artln>?i,  llf<hter  colored  than 

t)elow  54 

2.    Limestone,  heavily  bedded,  blue  and  j<ray,  with  tendency  to  slaty 

structure 3  00 

1.     Limestone,  same  as  No.  2,  with  j^alena  (Jack  bed)  7.00 

The  location  being  near  an  old  granite  hill  the  characters 
as  here  exhibited  probably  do  not  extend  very  far,  though  they 
are  similar  at  the  Jack  diggings  on  the  opposite  side  of  the 
crystalline  mass. 

Above  the  section  at  the  Rattlesnake  diggings  the  massive 
magnesian  beds  set  in.  These  form  the  principal  portion  of 
the  Frederick  town  beds.  As  typically  developed  on  the  Little 
St.  Francois  river  north  of  Fredericktown  (figure  II),  it  is  a 
buff  to  brown,  compact,  heavily  bedded  dolomite.  Sometimes 
sandy  beds  are  intercalated,  but  usually  only  when  the  calcareous 
strata  approach  the  crystallines.  As  a  rule,  there  is  not  much 
silicions  matter.  A  chemical  analysis  of  beds  exposed  on  Rock 
creek  north  of  Mine  la  Motte  gave  : 


OkOOi 
MCOOi 


Tbe  proportion  of  liao  and  rnkfOMlft  Ii  vaiy  eloM  to  the 
tbeoTotieftl  amontit  for  true  dolonlte.' 

Am  ft  pwt  of  the  Frederloktown  fiVHtlon  thoie  ocean  In 
the  «OBth<rHtoni  pwt  of  the  sheet  e  fov  eiBall  areea  of  vbat 
are  known  m  the  mftrble  beda.  These  ere  hard,  eoapeet,  fine* 
gnloed  roeke,  whloh  ere  iDseeptible  of  taking  e  lil|^  pidiek. 
Ther  ooonr  fo  nuaalve  tajera  and  may  be  taken  vnX  in  larg* 
bloeka.  There  ts  a  wide  range  of  eolwa  displayed,  frvm  pare 
white,  gray,  yellowiaht  pink,  reddish  to  dark  red  or  brown. 
Often  the  Tftrioas  colors  Me  blended,  gtviog  a  nottled  appeaz^ 
aneeto  theroek.  Zntbe  large  areaat  the  month  of  Oedarereek 
some  rather  aniqne  phases  are  presented.  Theee  are  beat 
■bowa  at  tbe  Allen  and  Smith  qnany  (flgore  17.). 


17.    Marble  belts  wltti  Intercalated  porplirrr  frBRHienl 


VIII.  Section  ut  Allen  and  Smith  iVarbte  Quarry. 

nesliluary  iJfi)Oslls. 

Marble,  compact,  red 

Marble,  wllb  fraKinen's  ot  crystallines 

,     Marble.  «™illn)t  laterally  Into  OQTinloinBniti- 

Mart>le.  witli  larno  iiorpttyry  traxinents 

.    sbale,  red,  In  imrl  ptb&ly 

ConKloraerate.  coarsa  , 

Slialp.  red,  vvltli  small  bowlders 

ijliale,  red.  In  part  caatnlnlni;  crystalline  pebbles  (exposed) 
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Tbe  marbles  appear  to  be  locally  altered  limestones  or 
dolomites.  A  complete  change  from  one  to  the  other  often 
takes  place  in  the  same  stratum  within  a  distance  of  a  few 
hundred  feet.  This  transition  is  well  exhibited  just  outside  of 
the  area  at  the  Heberner  quarry,  on  Marble  creek  (Tp.  32  N., 
E.  Y  E.,  Sec.  17 ).  The  marble  beds  are  contintfons  for  a  distance 
of  perhaps  100  yards,  but  on  each  side  of  the  quarry  merge 
into  ordinary  limestones. 

Tbe  geographioal  distribution  of  the  Fredericktown  lime- 
stone presents  some  noteworthy  features.  Within  the  limits 
of  the  sheet  the  formation  occupies  a  broad  curved  belt,  extend- 
ing from  the  northwest  corner  eastwardly  and  southeastwardly 
to  the  eastern  margin  of  the  district  and  thence  southwardly 
and  southwestwardly.  North  of  the  sheet  it  is  recognizable 
for  a  considerable  distance,  and  southward,  at  least  across 
Madison  county.  Farther  than  this  its  limits  have  not  been 
traced  with  precision.  It  forms  the  eastern  third  of  the  Farm- 
ington  lowland  plain  and  is  bordered  on  the  east  by  the  more 
or  less  pronounced  escarpment  formed  by  the  higher  cherty 
limestone  of  the  LeSaeur  formation. 

In  the  west  the  underlying  Li\f  otte  sandstone  is  the  sur- 
face rock  and  cuts  off  the  limestone  in  this  direction.  In  a 
few  places  the  crystallines  form* a  portion  of  the  boundary.  At 
a  number  of  points  the  ancient  Archaean  hills  protrude  above 
the  limestone  surface. 

The  geological  position  of  the  Fredericktown  limestone  is 
near  the  base  of  the  Cambrian  as  represented  in  southeast 
Missouri,  above  the  LaMotte  sandstone,  but  below  the  LeSueur 
formation.  However,  in  the  area  occupied  by  the  Mine  la  Motte 
sheet  there  are  often  certain  peouliarites  in  the  distribution 
that  prevents  this  stratigraphic  sequence  from  being  always 
made  out  clearly.  The  cherty  limestone  only  overlies  the  non- 
cberty  rock  in  the  extreme  northeastern  corner  of  the  sheet. 
In  some  places,  as  in  the  vicinity  of  Doe  Bun,  a  similar  some- 
what cherty  limestone  rests  directly  upon  the  crystallines. 
Near  Fredericktown  only  a  few  feet  of  sandstone  intervenes 
between  the  limestone  and  the  granites. 
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The  fluutal  featnrei  of  the  limestones  are  not  cooepicnoDs. 
With  the  ezoepUoo  of  one  or  two  places,  fossil  remaiuB  are  very 
meager.  The  liogaella  beds,  best  exposed  at  the  Jack  diggiDgs 
OD  the  UiDe  Is  Xotte  estate,  lie  about  a  dozen  feet  below  the 
prindpsl  dolomltto  nambtr,  and  Just  above  the  upper  ore 
borison.  Id  the  tiiln  bine  kbalee  the  Injers  are  often  crowded 
vith  shplle.  Only  ■  siagle  Hpecies,  Linguella  lamborni  {  Meek  ], 
h«e  beeo  faaod.  Id  the  gnj  liniestoue  at  the  Doe  Run  mioefl 
ft  Blmllar  bat  emaller  form  of  Linguella  has  been  obtained  in 
the  ooree  of  the  diamond  drill,  at  a  depth  of  over  one  hundred 
feet  Near  Frederiektowo  fragments  of  fossils  have  also  been 
obtained.  ThepeonliariUea  of  the  Lingnella  shells  has  assigned 
the  beds  oontirfning  them  to  the  Upper  Cambrian. 


A.bOTe  the  magneelan  beds  of  the  Frederick! own  formation 
there U  aTerTobertydotomite  which,  within  the  dielrici,  attains 
a  thloknoM  of  fhUy  950  feet.  The  name  is  derived  from  a  con- 
aplenoas  hill  made  np  ^nost  entirely  of  the  formation,  and 
lying  on  the  headwaters  of  Bock  creek.  It  is  called  after  the 
dlMOTSrer  of  lead  in  Miuouri.  The  chert  occurs  in  nodnles 
and  nodnlar  layers  and  in  places  makes  np  over  one-half  of  the 
balk  of  the  formation.  In  breaking  down  nnder  the  aotion  of 
atmospheric  agencies  the  ohert-bearing  beds  resist  weathering 
infloences  mach  longer  thao  the  non-stlicions  anderlying  lime- 
atone.  As  a  resnlt  the  bigb  gronods  which  are  composed  of 
the  beds  of  this  formation  are  deeply  covered  by  chert,  80  that 
the  local  appellation  of  "  flint-hills  "  is  a  very  appropriate  term. 
The  nnderlying  members  the  non-cherty  Fredericktown  lime- 
stone wears  away  mnch  faster  than  the  LeSaenr  bods,  and  as  a 
conseqaence  wherever  the  former  beds  are  overlain  by  the  lat< 
ter,  a  more  or  less  abrupt  escarpment  is  fonnd  which  oonstitotes 
ooe  of  the  most  marked  physiographic  features  of  the  region. 
In  many  plRces  over  the  area  occupied  by  the  Fredericktown 
limestone  and  from  which  the  LeSnear  formation  hits  been 
removed  through  erosion  there  are  often  thick  depoaita  of 
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residaary  chert.  It  doabtless  represents  all  that  remains  of 
the  beds  belonging  to  the  higher  horizon. 

Inlithological  character  the  LeSueur  beds  are  sharply  con- 
trasted with  the  underlying  strata.  The  layers  are  not  so  thick, 
the  presence  of  large  qaantities  of  chert  giving  the  beds  qnite 
a  thin-bedded  aspect. 

Within  the  limits  of  the  Mine  la  Motte  sheet  the  LeSneur 
limestone  is  not  a  very  important  forpiation  but  elsewhere  its 
geographic  distiibation  is  quite  extensive.  Only  a  few  of  the 
rugged  chert-covered  hills  in  the  northern  portion  of  the  area  are 
composed  in  part  of  it.  In  the  eastern  part  of  the  Mine  la 
Motte  estate  the  steep-sided  elevations  made  up  almost  entirely 
of  this  formation  rise  from  the  channel  of  Bock  creek.  From 
this  point  nearly  to  the  northern  border  of  the  sheet  it  forms  an 
irregular  belt,  from  one  to  three  miles  wide,  within  the  district, 
but  extends  much  farther  to  the  east.  In  the  northeast  corner  of 
the  area  there  is  another  small  development. 

GEOLOGICAL  STRUCTURE. 
GENERAL   RELATIONS   OF  THE   FORMATIONS. 

In  its  main  features  the  geological  structure  of  the  region 
covered  by  the  Mine  la  Motte  sheet  is  simple.  But  while  there 
is  relatively  great  simplicity  as  regards  deformation  there  are 
more  or  less  complicated  characters  which  are  the  result  of 
discordant  sedimentation.  Between  the  two  principal  forma- 
tions, the  massive  crystallines  and  the  bedded  rocks,  there  is 
a  remarkable  and  profound  unconformity  which  gives  rise  to 
great  intricacy  in  the  stratigraphy  of  the  region.  The  stratified 
rocks,  however,  form  a  regular  conformable  sequence  from  bot- 
tom to  top,  and  although  the  lithological  characters  change 
rapidly  from  place  to  place  and  from  one  level  to  another,  little 
difficulty  is  encountered  in  making  out  the  stratigraphical 
details. 

For  the  most  part  the  inclination  of  the  strata  is  slight, 
usually  hardly  perceptible.  In  the  vicinity  of  the  old  granite 
and  porphyry  elevations  with  their  steep  sides  the  slant  of  the 


pHDcipal  planes  of  stratiBcatioQ  correBponds  to  the  slope  of  the 
old  bnried  bills,  but  a  ebort  dietance  away  the  beds  become 
practically  horizontal.  This  decliuation  arouod  the  porphyry 
promineoces  is  often  as  much  as  20  to  25  degrees. 

Notwitbalaodiogthe  fact  that  I  be  strata  have  not  uudergoue 
marked  foldiug  or  other  profonud  defonuatlou,  there  are  con- 
ntileralioDS  to  be  emphasized,  wbieh  are  of  the  greatest  import- 
HQoe  from  an  ecooomic  standpoiot  and  at  the  same  time  of  mnob 
interest  scieniifically. 

Witb  considerable  detail  there  has  beeu  already  giveo  a 
descriptioo  of  the  local  aud  geoeral  lithologieal  cliaraclera  of 
the  various  rock  masses.  Id  a  broad  way  all  of  these  diverse 
masses  may  be  brou<rht  together  so  as  to  form  a  few  distinct 
groups  or  geological  formations.  Tbeir  uamberand  general 
lelationa  may  be  inferred  from  the  table  of  formations  and  the^ 
general  vertical  seetious.  Hut  the  exact  relations  which  the 
formaliooa  bear  to  one  another  over  wide  areas  is  displayed 
best  by  geological  cross-seclioos  along  critical  lines  or  those 
lines  which  are  best  calculated  to  disclose  tbe  many  different 
.   features  of  both  original  and  acquired  stractnre. 

aaoLoaicAL  csobs-sbotiohb. 

Smith — LeSueur  Mountain  Section  — Smith  mouDtain  ia  in 
the  sonthwest  corner  of  the  district,  Hoaot  LeSoear  is  near 
the  central  point  of  the  east  boundary  of  the  area.  The  seotlon 
connecting  tbe  two  elevations  is  about  eighteen  miles  in  length. 
It,  traverses  tbe  three  physiographic  belts  and  croaseB  the 
median  one,  tbe  Farmington  lowland  plain,  nearly  at  right  anglea 
to  its  main  trend.  The  line  of  tbe  section  paeees  over  every 
geological  formation  represented  within  the  limits  of  the  sheet. 
( See  plate  iii,  figure  SOP.) 

The  fonndatioa  of  all  is  manifestly  the  coarse-grained  red 
granite.  Upon  its  upper  nneven  surface  tbe  sediments  rest^ 
most  of  the  deposits  occupying  valleys  or  basin-dike  depreB- 
Bions.  The  stratified  rocks  are  everywhere  nearly  horlzoota) 
except  in  the  immediate  neighborhood  of  tbe  old  oryatalline 
elevations,  where  the  strata  rise  more  or  less  abruptly,  and  the 
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dips  are  often  qnite  luarked.  Aronnd  the  old  elevations  the 
strata  slant  away  in  all  directions.  The  most  instructive  part 
of  the  section  is  the  northern  half,  the  portion  in  which  the 
sedimentary  strata  are  the  surface  rocks.  The  LaMotte  sand- 
stone covers  a  considerable  part  of  the  distance  between  the 
granite  area  and  the  extremity  of  the  section.  At  the  point 
where  the  Fredericktown  limestone  begins  to  appear,  drill 
records  show  that  the  sandrock  attains  a  thickness  of  over  250 
feet.  Near  Bock  creek  the  change  from  sandstone  is  very 
abrupt  and  on  the  same  level.  Diamond  drill-holes  and  the 
section  along  the  stream  at  this  place  indicate  clearly  that  a 
fault  of  not  less  than  .300  feet  exists,  bringing  the  base  of 
the  cherty  limestones  nearly  down  to  the  level  of  the  top  of  the 
sandstone,  and  almost  hiding  from  view  the  Fredericktown 
dolomite.  The  details  of  the  fault  are  shown  in  another  place 
(figure  25). 

Wachita  Mountain — Big  Hill  Section — The  course  of  the 
section  Is  across  the  sheet  in  an  east  to  west  direction.  The 
location  is  near  the  southern  boundary  line  of  St.  Francois 
county.  It  is  a  section  across  the  lowland  plain  and  meets  the 
Smith  mountain  and  LeSueur  section  at  the  eastern  margin  of 
the  sheet,  on  the  flank  of  the  escarpment  of  the  upland  plain. 
The  details  in  the  eastern  part  are  essentially  the  same  as  in 
the  section  just  mentioned.  In  the  western  half  the  granite 
field  is  crossed.  At  Knob  Lick  hill  the  porphyry  forms  the 
upper  part,  and  the  granite  the  lower. 

Mine  la  Motte  Section — The  line  of  this  section  runs  nearly 
east  and  west  through  the  central  part  of  Mine  la  Motte  estate. 
The  most  of  the  sub-structure  is  coarse-grained  granite,  though 
Bnld  mountain  is  composed  of  porphyry.  The  basal  sandstone 
appears  in  a  small,  basin-like  depressions  in  the  granite  field. 
The  porphyry  mountain  just  alluded  to  protrudes  above  the 
sandstone,  which  is  the  typical  LaMotte  formation.  At  the 
edge  of  the  limestone  the  basal  sandstone  is,  as  already  stated 
and  as  shown  by  diamond  drill  holes,  over  250  feet  in  thick- 
ness. The  overlying  limestone,  Fredericktown  formation,  rests 
directly  upon  granite,  in  h  knoll  which  is  exposed  at  the  surface 
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A  ibort  dUtonee  CMt  of  the  mtiu  mlnM.  Tbe  woditODe  doabl- 
IflM  larroondi  ibe  old  fait],  bat  Ita  aiuiiBlt  fa 
hifther  thiw  tfatt  top  of  the  «wid«toiie,  thoa 
bringlnK  tho  limMtoaeii  down  to  the  OTstal- 
lines.  A  fStnlt  of  eooiIdcnMe  threw  oeevn 
Jnst  Imyoad  the  eaet  end  of  Um  Motfeo.  Ihe 
reUtiODi  are  ihova  ia  a  almilar  my  ia  the  an- 
.  nexed  oat  (ftgore  18l> 

i  Knob  lAot  Saetio*  —  The  eroaa-aeBtlon  . 
f  which  embraoM  Kaob  Llok  hill,  ^e  eeaterof 
I  nameroas  qtiarriea,ia  InitrootiTeoa  aecoant  of 
J  belog  in  the  mldat  of  the  great  ffcanlte  field. 
I  Tbe  elevation  U  capped  b}  a  eoaaldezablB 
e  thiokneae  of  porphyr;  whiob  sradnatei  dovn- 
=  ward  Into  the  ooarae-gralned  KianltA.  TUa  la 
3,  a  type  of  a  nnmber  of  lUlla  whioh  exlat  Ut  the 
S  eentral  granite  field. 

I         FrtdtridOow  Ssetfoa—A.lttaoagh  the  «x* 
S  tremttlea  are  four  mllea  apart,  the  aeoUen  «nder 
I  eondderatlon  la  easeatlally  a  ooDtianatioa  of 
^  that  of  Koob  Llek.    It  paaaee  directly,  tbrongh 
"  the  typical  location  of  the  Frederiektown  lime- 
^;    Z  Btone.   It  reaobea  tiom  tbe  ontllers  of  the  cen- 
£trsl    granite     field     soatheaBterly    to    eeveral 
isolated  porphyry  hills.     At  the  bottom  of  tbe 
limestone,  where  this  approaches  the  crystal- 
line elevations,  the  basal  sandstone  and  its  as- 
bociated  coDftlomernte  bed  are  very  thin,  briog- 
iug  the  calcareoas  member  within  a  few  feet  of 
the  massive  rocks.    Tbe  details  of  the  saoces* 
°  *"~  *         sioQ  and  the  arrangement  of  the  several  beds 
are  especially  well  sbown  one  mile  norih  of  the  Little  9t.  Fran- 
cois river  (flgare  11  and  also  plate  vi). 

Devon  Mountain  Section — In  direction  tbe  section  is  north 
and  sooth.  It  passes  thi'ough  the  limestone  belt  in  an  area 
where  tbe  crystallines  protrnde  in  nnmerons  places.  Devon 
and  Buckner  monntains  are  steep  porphyry  hills,  with  the  Little 
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St.  Francois  river  flowing  between  in  a  narrow  gorge,  known 
as  the  shat-in.  They  rise  oat  of  the  limestones  plain  and  have 
little  or  no  sandy  material  on  their  slopes.  The  northern  end 
of  the  section  touches  the  central  granite  field. 

Tin  Mountain  Section — This  section  extends  in  and  east 
and  west  direction  from  Matthews  creek  to  Smith  moantain, 
connecting  at  the  latter  point  with  the  section  rnnning  to 
mount  LeSnear.  The  most  extensive  marble  beds  within  the 
area  of  the  sheet  are  immediately  west  of  Tin  moantain,  and  the 
relations  with  basal  sandstone  are  well  shown.  A  large  basic 
dike  or  boss  occars  near  the  base  of  the  moantain  on  the  south 
bank  of  the  Little  St.  Francois  river.  A  similar  dike  also  exists 
a  couple  of  miles  to  the  eastward. 

Doe  Run  Section — The  mines  of  this  district  are  in  the  ex- 
treme northwestern  corner  of  the  sheet.  The  cross  section 
extends  north  and  soath  near  the  western  boandary  of  the  sheet, 
from  Doe  Bun  to  the  Wachitaand  Bg  Hill  section.  It  crosses 
an  area  in  which  the  limestones  rest  directly  upon  the  granite. 
Considerable  sandy  material  together  with  crystalline  bowlders 
occupy  the  depressions  in  the  granite,  and  this  is  also  the  ore 
horizon.  Farther  details  are  shown  in  a  section  taken  in  a  lit- 
tle different  direction  (  figure  19)  and  also  a  smaller  cut  repre- 
senting the  formations  existing  at  the  shaft  (  figure  20 ). 

DEFORMATION. 

Although  the  area  forms  a  part  of  the  Ozark  uplift,  where 
dynamic  forces  have  operated  on  a  large  scale,  the  bowing  of 
the  strata  has  been  regional  in  character  and  the  local  effects 
have  not  been  marked.  Of  folding  there  has  been  practically 
none  that  is  perceptible  within  the  district.  Only  unimportant 
undulations  have  been  observed.  Asa  rule,  they  are  so  slight 
that  they  cannot  be  detected  without  careful  measurements 
being  made.  The  marked  inclination  of  strata  which  has  often 
been  ascribed  to  low  folds,  is  the  result  of  peculiarities  in  the 
original  deposition  of  the  beds,  and  not  of  deformation  after 
sedimentation  had  ceased.  Very  noticeable  dips  are  apparent 
where  the  stratified  rocks  rest  upon  the  ancient  crystalline 
bills. 
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jjmooMwom 
of  the  BMm  ti  ttMardwM  betveea  llw— tian> 
■018  iWMkad  tkau  in  tbe  Mine  la  Uolte  Bbeet. 
The  Moet  ■arked  irregulariiy  in  tbe  even  sac- 
eeaalonof  themeksis  between  tfaecryBtallinefl 
ud  the  MdhneotarieB.  It  ie  clearly  sIiowd  in 
an  the  eroaa  aeetions  and  in  Dameroai*  otber 
aeetkmc  of  wUeh  mention  has  been  made  of 
OBlyafeT. 

niephyiteal  break  between  lbi>  formations 

of  the  tvoetaaaes  of  rocks  is  very  mach  more 

thanao  ordiBairuDOonformilyin  nhich,  owioe 

£  to  a  warplnc  of  tbe  earthV  craat,  tie  parallel- 

^liai  between  two  fortsftiions  is  not  preserred. 

xihe  ■tU'&ee  npoa  which  tbe  sediments  were 

gbdd  down  wai  vtiy  uDeveD.    (See  plate  vi  and 

'Itfeo  phrte  IxJ  '  It  was  manifestly  an  old  laod 

I  nrfWe  decjdj  eot  into  valleysand  ridgee,  pre* 

^■enttnf  even  greater  contraela  of  relief  than 

f  il  indieated  in  tbe  preeent  topograpbr.     Tbe 

I^Jonctare  of  the  eedimeDtary  ftormationa  and 

S  tbe  crjatallinea  is  nearly  everywhere  marked 

by  a  bowlder  bed,  or  oonglomerate.  of  greater 

^  or  less  thickness.    Usnally  there  are  only  a 

^  few  feet  of  conglomerate,  thongh  bowlders 

^  are  often  fonnd  as  niaob  as  50  or  60  feet  tnm 

(be  base.    Tbe  strata  resting  on  the  oonglom- 

erate  may  be  sandstone  or  limestone — nsoally 

the   former.    The  characteristic  arrangement 

is  shown  at  the  Doe  Ran  mines  (flgnre  19).  At 

tbe  shaft  which  was  sank  on  top  of  a  steep 

granite   knoll,  as  .shown    by  drill-holes,  the 

limestone    rests    directly   apon    the  orystal- 

lines.    The  details  are  shown  in   the  acoom- 

panying  cnt  (fignre  20). 
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JOISTIWO. 

Tbe  pbeDomeDOD  of  jointiog  ie  wel)  developed  in  many 
parts  of  tbe  dis- 
fr  ct  espeoiaDy 
D  thecr}BlaniD& 
rocks  In  tb» 
reg  OD  nnder 
DBideration^ 
nt  ng  appears 
to  be  dae  to- 
several  different 
canaes.  In  part  it  Is  evidenily  tbe  result  of  oontraction  of  tbe 
rook  maeses.  There  is  no  doabr,  however,  that  not  the  least 
important  factor  in  the  prodoclton  of  joioting  has  been  torsioa 
arising  from  orogeuic  strains. 

In  the  crystallioe  rocks  where  joioting  is  well  displayed 
several  distinct  sets  of  fractnre  planes  have  been  made  oat. 
Tbe  leading  or  master  plane  has  a  general  direction  of  Dortb 
60  degrees  east.  The  principal  secondary  joints  inteisect  the 
first  at  angles  of  80  and  100  degrees.  The  natoral  cleavage 
planes  pass  from  one  lithologicaUy  distinct  rock  to  another 
wilhont  change  of  conrse.  In  the  hard  brittle  porphyry  the 
fractare  planes  are  mnch  more  nnmerons  than  in  aoy  other 
variety  of  rock  and  extend  to  great  depths.  Those  which  occnr 
near  tbe  month  of  tbe  L'ttle  St.  Francois  river  (  plate  z. )  are 
so  close  tugetber  as  to  give  an  appearance  similar  to  that 
observed  in  the  caie  of  basaltic  colnmns,  though  the  regularity 
is  not  BO  pronouDced.  Single  needles  are  shown  in  plate  xi. 
Id  the  granites  tbe  joint  plaoes  are  osually  maob  farther  apart 
than  Id  the  porphyry,  and  advantage  is  taken  of  the  fractnree 
in  qaarrying. 

The  trend  of  the  master  joints  coincides  approximately  with 
that  of  the  dikes  so  that  the  latter  may  be  regarded  as  flilins; 
tbe  fissures  formed  by  the  forcing  apart  of  joint  walls. 

DISLOCATION. 
While  there  are  evidences  of  an  extensive  system  of  pro- 
found  jointing  there  are  rarely  indications  of  marked  displace- 
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m«iit  betveen  the  parts  adjacent  to  the  fraclnre  Imes.  The 
fttnlts  obBerred  are  aanally  of  ■niiU  throw,  and  where  meet 
oareftltly  iDveatlgated  lathe  mfuea,  appear  to  partake  of  the 
eharaeter  of  Btep  fiiDlti,iUto^therfrfqiieiiily  formiog  displace- 
I  of  oonaiderable  extent. 

Small  fiinllB  oeonr  at  aitiny 
pofDta  tbronghoav  the  area. 
On  the  Ltltle  Bt.  Franeola  river, 
ooe  mile  Dortfa  of  FroderioktowD, 
U  one  of  leat  than  one  foot  throw 
■Jl  (flgnreSI)-  It  la  in  the  Frederlek- 
town  dolomite.  Thla  may  be 
regarded  a*  tjpteal  of  a  larg^e 


At  the  Doe  Boo  mines  diaplacepaenta  of  olI;  a  few  ioohea 
are  well  dtiplajed  In  connee* 
tioD  with  the  ore  l>eda,  one  of 
which  la  represented  in  flgiix« 
3S.  A.  noteworthy  featore  of 
the  faults  here  is  that  the  trend 
la  aboot  the  tame  as  the  seeon- 
dary  series  of  principal  joint 
planes,  which  traverse  the 
regions  north  CO  degrees  west. 
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In  tbe  various  mioes  od  tbe  Mine  la  Motle  estate  many 
fanlls  bave  been  enconntered.  In  sbaft  No.  6  occore  a  aeries 
of  parallel  dislocations  (fignre  fJ3),  none  of  wbicb  bare  a  dis- 
placement of  more  than  fire  or  six  feet.  Tbe  four  otber  shafts 
also  bave  similar  faults  of  stnall  Ibrow  ranning  tbrongb  tbem, 
some  of  wbicb  attain  a  fall  of  ten  or  a  dozen  feet.  Tbey  are 
found  well  displayed  on  botb  levels  of  tbe  mines. 

There  are, however,  some  fanlta  of  greater  magnitnde  than 


Mine  la  Motle 


any  of  those  mentioned.     On  one  of  tbem  tbe  principal  shafts 
are  located.     It  has  tbe  same  general  trend  as  the  smaller  ones. 
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Drill  holes  indicate  that  the  beds  on  oDe  side  bare  dropped  at 
least  170  feet.  Finally  lovardR  the  aoothesst  the  throw  appears 
to  grow  rapidly  smaller.  Tae  relative  locations  of  the  shafis, 
(aaite  and  drill-holes  are  represented  on  the  sccompaafing 
sketch  (Hgare  24). 

The  dritl-boles  were  started  on  ground  which  was  very 
uDeTeD.  In  order  that  the  real  relations  of  the  records  may 
be  seen  clearly  and  the  proper  interpretation  placed  upon 
tbeiD,  the  starting  points  have  all  been  reduced  to  a  level  of 
S50  feet  above  tide.  There  is  a  close  agreement  on  the  one 
fiand  of  those  l>orings  pnt  down  on  the  sonthweel  side,  and  on 
the  other  hand  of  all  those  sank  on  the  northeast  side :  while 
there  is  a  mnrlied  desparity  between  the  two  sets.  The  com- 
parison is  indioated  in  the  table  below: 


S.^H^.fF«u„. 

Xortktatl  of  Fautt. 

DrUl  UOlB  So 

Surface  Alt 

Depth  In  es. 
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.. 
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>iSO 

Fta. 

Fm. 

FMA.  r. 
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IM 
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B35 

37 

RID 

I 
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fiOB 

BIO 

m 

" 
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Abont  a  mile  to  the  east,  a  fault  of  even  greater  throw 
«ccDr8.  It  is  well  ahowD  north  of  the  mines  on  Bock  creek, 
just  above  the  crossing  of  (be  Libertyville  road.  Borings 
tiave  been  made  in  this  vicinity,  which,  taken  together  with 
the  evidence  displayed  along  the  streams, indicates  that  a  drop 
not  less  than  210  feet  exists.  The  details,  as  depicted  by 
Winslov,  are  represented  in  the  accompanjing  cut  (flgnre  25). 
For  some  distance  above  the  crossing  of  the  wagon  roaJ,  the 
blnfFs  are  qnite  prominent  along  the  stream.    At  one  point  the 
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limestonee  are  abruptly  replaced  oa  the  west  b;  sandstonee  of 
thesameleveliSaggeatingtbat  some  dislooatioD  has  taken  place. 
A  anmber  of  diamond  drill- 
holes have  been  pnt  down 
at  short  iotervals  along 
^  the  creek  east  of  the  point 
where  the  saodetone  blnffs 
are  replaced  by  limestone. 
One  of  them  (No.  93),  pass- 
ed throngh  285  feet  of  lime- 
stone ( FredericktowD  for- 
mation) before  entering  the 
sandstone  (LaMotte).  Two 
other  boles  near  by  give 
"■■*"'  similar  resnlts. 
Sontheast  of  the  place,  on  Bock  creek,  where  the  evidence 
of  a  dislocation  appears,  additional  drilling  has  been  done 
with  a  view  to  locating  the  faalt.  Two  borings  were  began  at 
nearly  the  same  level,  and  aboat  50  feet  higher  than  those  far- 
ther north.  One  ( No.  732 )  reached  the  sandstone  at  a  depth 
of  108  feel.  Another  (  No.  739) located  abont  200  yards  to  the 
northeast,  passed  Ihroagh  564  feet  of  limestone  before  reach- 
ing the  sandstone.  Still  farther  to  the  sontheast,  perhaps 
three-quarters  of  a  mile,  other  borings  were  made.  Similar 
conditions  were  revealod.  One  of  the  northernmost  holes 
(  No.  694)  penetrated  the  limestone  479  feet,  entering  calcare- 
ons layers  containing  feldepathic  material,  which  were  evidently 
not  fdr  from  the  crystallines.  Aboat  300  feet  to  the  southward 
a  second  drill-hole  (No.  796)  reached  the  red  porphyry  at  a  dis- 
tance of  only  76  feet  from  the  enrfaoe.  The  surface  apon 
which  the  borings  were  started  are  practically  on  the  same 
level. 

Connecting  the  several  points,  the  line  of  the  t&nlt  coin- 
cides closely  in  the  direction  with  those  of  the  smaller  slips 
observed  in  the  mines,  or  north  50  degrees  west.  While  the 
fbnlt  has  not  been  traced  northward  very  much  farther  than 
Bock  creek,  the  physiographic  peculiarities  on  the  Little  St. 
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Fruooti  rivw  MTwal  atlM  beyond,  wonid  indicate  that  the 
dialooatiott  reaehM  at  leMt  tiuA  fiv. 

The  hade  of  the  fiuUte  la  tovard  the  uortheast,  asually 
from  10  to  IS  degreea. 


Id  the  preaent  eoDaeotlon  referenee  la  Biade  only  to  (h*  ■' 
mineral  veins, the  material  of  whloh  haaeome  np  tnm  beoe»tli 
through  fiaaarea.  They  thna  differ  vary  mooh  fh)m  the  eomnon 
vertloal  ererioea,  the  vein  ataff  of  wUoh  haa  been  preelpltated 
wtthoat  having  been  in  a  heated  Btate<  The  prinripal  ooenr- 
reneea  of  thia  kind  In  MUaonii  are  In  the  are*  eovered  by  the 
Una  la  Mtotte  aheet,  and  eblefly  at  the  SllVe?  mlnea  Id  the 
vest-oentral  part  of  the  dUtrlet.  The  eharaetcM  ait  tUa  point 
are  fally  deacribed  In  another  plaoe  In  etAneetlMi  vith  the 
aeoonnt  of  the  mine. 

Similar  goarta  veina  alao  oeeur  In  Madlyia  poonty  Joat 
beyond  the  aoathem  beondary  of  tbe.aheet.; 

LEAD. 

In  the  Mine  la  Hotte  diatriot  the  oeenrfeB.ee  of  laad 
deposits  has  been  known  since  the  early  put  of  the  eighteenth 
oentnry.  The  first  mining  was  begnn  abont  the  year  1720. 
SiDoe  that  time  the  ore  has  been  taken  oat  with  little  interrnp. 
lion  to  the  present  day. 

OBB   DBFOaiTS. 

With  one  or  two  exceptions  the  depositions  of  lead  ore 
have  been  by  metasomatic  replacement.  Only  at  the  Silver 
mines  and  at  afew.other  points  are  tliere  evidences  of  the  metal 
baving  come  up  from  below  through  flssnree.  At  all  of  the 
principal  localities  where  the  ore  has  been  developed  the  genesis 
and  arrangement  of  the  deposits  is  practically  the  same. 

At  the  Mine  la  Motte,  the  engineer  in  charge,  J-  E.  Mills, 
was  the  first  to  give  a  detailed  statement  of  the  ore  and  ite 
oocnrrenoe.  The  following  aoconnt  concerning  the  lead  deposits 
and  mines  of  the  district  covered  by  the  sheet  are  abstracted 
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chiefly  from  the  reeeDtly  issaed  report  of  the  Missouri  Geologi- 
cal Sarvey  ou  the  lead  and  ziac  deposits  of  the  state. 

There  are  three  principal  modes  of  occarrence  :  ( 1 )  The 
most  common  is  the  disseminated  ore,  in  which  fine  particles 
and  irregular  masses,  as  well  as  crystals,  mostly  imperfect,  are 
arranged  very  irregularly  in  discoDtiuuous  layers.  They  may 
be  sparingly  scattered  or  they  may  form  almost  the  entire 
stratum.  Id  the  more  common  occurreuces  the  masses  are 
from  oue-eighth  to  one-half  of  an  inch  in  size  and  freely  distri- 
buted. (2)  The  next  variety  has  the  clean  mineral  deposited 
in  horizontal  and  vertical  sheets  of  varying  thickness,  from  a 
fraction  of  an  inch  to  several  inches,  but  usually  measuring  about 
three-eights  of  an  inch  through.  These  sheets  are  formed  along 
joint  planes  where  the  two  parts  of  the  original  rock  has  been 
separated  slightly,  or  the  crack  has  widened  through  solution. 
( 3 )  The  third  mode  is  the  pocket  deposit.  The  calcareous  rock 
has  been  dissolved  and  cavities  have  been  formed.  Afterward 
they  have  become  partly  or  completely  filled  with  crystallized 
galena.  Instead  of  being  made  up  of  perfect  crystals,  as  would 
be  expected,  there  is  here  and  there  a  brilliant  cube,  perhaps 
nearly  perfect.  Around  it  and  making  up  the  greater  portion 
of  the  galena  in  the  pocket  are  imperfect  crystals  with  a  soft, 
earthy  coating. 

By  far  the  great  mass  of  ore  mined  consists  of  the  dis- 
seminated galena,  and  this  has  long  been  the  chief  source  of 
supply.  '^Featherstonhaugh  describes  it  as  being  quarried  in 
1836.  Galena  is  also  disseminated  through  sandstone  in  places, 
into  which  the  limestone  frequently  grades,  though  it  is  less 
abundant  in  the  sandy  portions.  During  the  earlier  surface  work, 
a  good  deal  of  cernssite  was  obtained.  The  disseminated  ore  is 
recognized  as  occurring  principally  at  two  horizons,  but  in  these 
the  ore  varies  in  quantity,  being  most  abundant  in  rocks  of 
open,  porous  texture,  and  also  in  portions  that  are  traversed  by 
faults  and  crevices.  The  limestone  of  the  upper  horizon  is 
known  as  the  ^black  rock,'  of  the  lower  as  the  'white  rock  ;'  the 
ore  is  more  persistent  in  the  white  rock,  and  toward  the  east 
G— 6 


the  black  rock  becomes  gray.  These  rocks  differ  merely  in 
color,  rroQ)  coDtaiDed  iron  or  other  impurities,  »Dd  are,  beocc, 
not  always  separable.  Aa  developed  by  recent  drill-holes  they 
are  fonnd  to  have  an  aggregate  tbickaeaa  of  from  70  to  144 
feet,  sometimes  separated  by  abont  sis  feel  of  gray  limestODe. 
They  correspoDd  to  Mills'  upper  and  lower  sab  groaps.  Th^y 
dip  slightly  to  the  east,  away  from  the  An;ba;in  area,  cropping 
out  near  the  western  limits  of  the  limeslone  as  shown  oq  the 
map.  Along  these  outcrops  the  early  shallow  diggings  were 
distributed.  In  the 'black  rock,' near  Its  base,  is  the  upper 
ore  bed,  which  Mills  termed  the  'Jack'  bed.  The  thickness  he 
found  to  be  normally  seven  feel,  but  sometimes  as  much  as  II 
feet ;  and  above  this  for  six  or  seven  feet,  more  galena  was  found 
in  films  alougjoint  planes  and  crevices,  and  also  iu  bnaches.  The 
available  galena  from  the  bed,  as  developed  up  to  1877,  was 
equivalent  to  a  solid  layer,  averaging  ^.65  inches  in  thickness. 
Associated  with  this  bed,  most  of  the  copper  and  iron  pyrites 
carrying  nickel  and  cobalt  were  found  which,  intermi.\ed  with 
the  galena,  occupied  large,  Hat,  lens-shaped  portions  of  the  ore 
body.  The  'white  rock  '  carried  what  Mills  terms  the  '  Bluff' 
ore  bed.  It  is  detined  as  occupying  a  ponilion  15  to  30  feet 
above  the  base,  but  later  developmeots  show  it  often  Dear  the 
top  of  the  'white  rock,'  so  that  the  two  ore  beds  are  eometimee 
ID  contact.  The  thickness  is  generally  about  seven  feet,  bot 
ranges  from  five  to  eleven  feet.  About  40  per  ceut  of  the  entire 
area  of  the  bed  bad  beeo  profitably  worked  up  to  the  time  of 
Hills'  report,  and  the  average  thickness  of  the  workable  por- 
tions were  estimated  to  be  1.4  inches.  "The  prinoipal  mineral 
associates  are  calcite,  iron  pyrites  and  the  rare  cobalt-nickel 
eolphides;  galena,  calcite,  dolomite  and  pyrite  crystals  are 
found  lining  small  cavities,  and  also  along  crevices;  oaloite  is 
also  found  in  large  crystalline  masses  embedded  in  the  lime- 
stone." 

At  the  Doe  Rao  mines,  in  the  extreme  northwestern  corner 
of  the  sheet,  tbe  ore  is  similarly  disposed.  G-^lena  is  the  chief 
ore,  and  occurs  normally  disseminated  through  the  limeBtone 
in   crystalline   grains  or   small  masses, "  prtncipolly   betweeo 
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depths  of  50  and  90  feet,  tt  is  generally  in  layers  parallel  to 
the  stratificatioQ,  bat  is  also  along  vertical  and  inclined  seams, 
or  is  uniformly  disseminated  throaghoat  the  rock."  The  ore 
lies  principally  in  the  dark  grayish  limestone  which  is  irregularly 
banded  and  dotted  with  lighter  colored  calcareous  rock.  It  is 
quite  hard  and  uaually  compact.  A.t  a  number  of  places  in  the 
workings  the  granite  floor  has  been  followed.  In  such  cases 
the  ore  has  been  found  to  extend  all  of  the  way  down  to  the 
solid  crystalline  rock  and  in  the  lower  few  feet  of  limestone. 
Numerous  bowlders  and  pebbles  of  red  granite,  such  as  make 
up  the  bed  rock,  also  oecur  in  the  limestone  just  above  the 
solid  granite,  and  frequently  the  galena  is  disseminated  in  the 
mUrix  enclosing  the  bowlders.  Sometimes  these  rounded 
masses  are  a  foot  or  two  in  diameter  and  have  lead  ore  spread 
over  the  surface.  In  the  common  occurrence,  in  which  the 
lead  ore  is  in  disseminated  grains  or  particles  more  or  less  finely 
crystallized  in  light  gray  to  buff  limestone,  some  of  the  strata 
are  made  up  to  a  large  extent  of  the  ore  alone.  Streaks  and 
crevices  of  the  mineral  are  quite  common  in  certain  layers. 
Shale  is  sometimes  encountered.  It  varies  in  thickness  and  is 
of  a  dark  grayish  green  color,  banded  with  lighter  streaks  ;  it 
contains  numerous  galena  crystals,  usually  about  one-eighth 
of  an  inch  across. 

Cavities  lined  with  galena  crystals  are  much  less  common 
than  at  other  points  in  southeastern  Missouri  and  there  is  also 
fewer  minerals  associated  with  the  ore.  Oalcite  is  rarely  shown. 
Pyrite  is  more  often  present,  and  with  it  is  a  percentage  of 
nickel. 

Galena  also  occurs  in  another  way,  in  fissure  veins.  On  the 
St.  Francois  river,  at  a  point  known  as  the  Silver  mines,  a  vein 
six  feet  wide  cuts  the  red  granite  in  a  direction  south  of 
west.  The  gangue  is  chiefly  quartz  with  silver-bearing  galena, 
iron  and  copper  pyrites. 

LEAD   INDUSTRY. 

MINK  LA  MOTTK. 

The  history  of  the  mining  operations  which  have  taken 
place  since  the  first  opening  has  been  so  recently  given  fully 
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in  Other  reportB  of  the  Misaouri  Geoloeical  Survey  that  it  is 
unnecessary  to  repeat  it.  On  the  LaMotte  tract  there  hare 
been  a  uaaiber  of  shafts  pnt  down  and  many  diggings  opened 
up.  The  former  have  been  sunk  chiefly  along  the  line  of  one 
of  the  principal  faults  ;  while  thelatter  have  been  operated  east 
of  the  village  around  the  margin  of  a  granite  knoU,  wfaiob  pro- 
trudes above  the  limestone. 

There  are  now  three  openings  in  active  operation.     Shafts 
No.  1  and  No.  2  are  nbout  ItiO  feet  apart,  and  the  workings  are 
considered  as  one.     Only  from  the  latter  is  ore  laken  out. 
Shaft  No.  1  is  a  short  distance  to  the  sontheaat,  and  No.  6  to  the 
northeast.     Shafts  Nos.  3  and  5  were  opened  np,  bat  have  not 
been  operated  much.     Some  work  is  also  going  on  in  the  sarfaue 
diggings  sontheast  of  the  dressing  works  and  near  shaft  No.  4. 
Shaft  No,  .?. — Since  mines  Nos.   1  and  2  have  been  con- 
nected  underground  only  the  second  is  used  for  ore  raising, 
the  first  serving  as   an  air-shaft.     From  the  tirst  opening  the 
workings  have  been  extended  400  feet  in   one  direction  and 
.  600  feet  in  another.    The  record  of  drill-hole  No.  31,  vhioh 
I  corresponds  to  shaft  No.  1  is  as  follows,  numbers   11  and   12 
I  constituting  the  "black"  rock  and  nnmbers  a  to  10  the  ''white" 
rook: 

Section  at  Shaft  No.  1. 

I".  Clay,  residuary 12 

ifi.  Limestone,  "caprocli" i 

15.  Limestone,  blue. 16S 

II.  Shale 1-6 

13.  Llnieslonr,  blue.  Slaty  seomg ixyi 

IJ.  (ialena,  nearly  pure Is 

II.  Limestone,  blue,  with  Kalena  and  pyrites 7 

10.  Limestone,  white,  with  traces  of  galena 2'^ 

9.  Umestone.  wlilte.  with  traces  o(  pyrites.. 16ii 

s.  Galena,  nenrly  pure  fi 

7.  Limestone,  wblte.  witb  dissemlnaletl  galena i 

11.  (ialenn,  nearly  pure >i 

s.  Limestoni'.  with  disseminated  galena.. 4  l-R 

i.  LImuatone, white,.. 3*. 

H.  Limestone,  white,  witli  traces  of  galena \V± 

■i.  Limestone,  wblte,  very  rich  in  galena,  also  bears  much  pjrtltes 6 

Galena  is  first  found  at  a  depth  of  53  feet.  From  this 
horizon  it  occurs  either  in  nearly  pure  layers  or  well  disBemi- 
nated  in  the  limestone  to  a  depth  of  116  feet.    Only  about 
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one-third  of  the  interval  between  the  two  extremes  is  entirely 
barren  rock.  The  work  has  progressed  mainly  to  the  north  of 
the  shafts  in  both  the  ''black"  and  the  ''white"  rocks. 

At  a  nnmber  of  points  fanlts  of  small  throw  occnr.  In 
the  greatest,  called  the  "  main  "  fanlt,  there  is  a  drop  of  10 
feet.  The  strike  is  north  62  degrees  west ;  the  hade  10  degrees 
to  the  northeast.  "Adjacent  to  this  faalt,  the  rock  was  rich  in 
galena  on  the  sonth  side  ;  it  was  here  of  open  texture, contain- 
ing small  cavities  lined  with  calcite  and  galena  crystals,  and 
these  were  also  foand  along  narrow  crevices  which  traverse 
the  rock.  Crushed  fragments  of  rock,  with  rounded  and  smooth 
surfaces,  were  visible  along  the  fault  planes.  This  fault  can 
be  traced  for  a  distance  of  about  300  feet.  Proceeding  north- 
east from  it,  the  rock  rises  at  an  angle  of  about  5  degrees,  and 
gradually  changes  into  a  sandstone,  consisting  of  well-rounded, 
minute  grains  of  quartz,  cemented  by  lime  and  a  greenish 
ohloritic  substance ;  in  this  are  small  lenticular  sheets  of  lime- 
stone, though  sometimes  such  are  almost  entirely  absent.  In 
the  upper  level  of  this  mine,  in  the  "  black  "  rock,  the  same 
fault  is  found  with  the  same  dip  to  the  northeast,  locally  with 
a  strike  north  50  degrees  west.  A  thin  bed  of  shale  or  slate 
here  showed  clearly  that  the  throw  is  about  5  or  6  feet.  A 
^'  chimney"  enlargement  of  the  fault  fissure  was  exposed  here, 
constituting  a  "  mud  opening."  Near  the  top  of  the  drift  a 
horizontal  crevice  is  traceable,  along  which  water  flowed,  and 
which  was  stained  red  with  iron.  A  good  body  of  ore  was 
found  contingous  to  this  fault  on  the  south  side." 

Aside  from  the  well-defined  faults  there  are  other  evi- 
dences of  disturbances  in  the  strata.     Narrow  cracks  and  open 

a 

fissures  with  no  special  trend  occur ;  they  are  not  continuous 
for  any  great  distance  and  often  are  confined  to  a  single  ledge. 
These  are  not  uneven  but  are  sharply  developed  in  places, 
partaking  of  the  character  of  jointing  planes.  They  were 
manifestly  formed  much  earlier  than  the  time  of  the  formation 
of  the  faults  themselves  and  before  the  deposition  of  the  lead 
ore,  for  many  of  the  crevices  have  become  filled  with  galena. 
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From  the  deepest  drift  a  tage  qiumtitj  of  nickel  and  eolNiIt^ 
beariDg  copper  pjritec  and  geleiui  Imm  been  mined. 

Bha/i  No.  4^-^IkM  in  tlie  cmc  of  elmlte  Sec  I  and  2,  SToa. 
3  «nd  4  are  now  united  nndergroand.  At  the  UMer  ndae 
operations  are  carried  on  mainlj  at  one  levd,  tlie  '^Uack"  sttA 
tlie  ^white^  rocka  being  near  togrther,  tiie  lattec  rock  yiddin^ 
tlie  principal  prodnct.  The  mine  baa  been  wdl  dcTdoped  and 
at  present  the  distance  from  the  sonthem  to  the  northeaatem 
end  of  the  workings  is  approximately  1800  feet 

Faalting  is  even  more  prominent  than  in  any  of  the  otker 
mines  of  the  region*  The  general  trend  of  the  fluilts  is  nearly 
north  SO  degrees  west  The  **main"  Cualt  of  shafts  Hos.  1  aad 
2  does  not  traverse  the  workings  of  No.  4.  The  most  pro- 
nonnced  fiiult  has  a  downthrow  of  10  feet.  The  amount  of 
ore  is  not  shown  to  be  aflfected  through  the  introduction  ot. 
this  dislocation.  As  has  been  incidentally  mentionedi  tiie  ore 
occurs  usually  in  the  white  limestone  on  both  sides  of  the 
fJMilts  alike. 

The  succession  of  l>eds  at  shaft  No.  4  is : 

Beetion  at  Sh^ft  No.  ^ 

FKBT. 

8.    Clay,  residuary 19 

7.    Limestone,  dark  gray,  with  occasional  shale  seams  44 

6     Limestone,  dark  gray,  with  traces  of  Iron  pyrites 7 

5.  Limestone,  dark  gray,  with  traces  of  galena,  and  much  Iron  pyrites 

In  places 9 

4.  Limestone,  dark  gray,  with  galena,  and  Iron  pyrites  In  varying  amounts.  14 

3.    Limestone,  white,  with  galena  and  pyrites 27J» 

2.    Limestone,  white,  arenaceous,  with  traces  of  galena  4S 

1.    Sandstone,  white 1 

The  principal  leadprodacing  beds  lie  between  70  and  102^ 
feet  from  the  sarfaee  and  extend  almost  to  the  light  colored 
sandstone  at  the  bottom.  Some  parts  of  the  productive  beds 
are  very  rich  in  the  ore. 

Shaft  No.  5. — Work  at  shaft  No.  5  has  nntil  recently  been 
carried  on  on  an  extensive  scale.  The  shaft  is  137  feet  deep,  and 
the  floor  of  the  mine  ranges  from  128  to  145  feet  lower  than  the 
surface  at  the  month  of  the  shaft.  Fanlts  are  not  of  frequent 
occurrence  though  some  of  them  are  well  developed.    The 
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*'  main  "  fault,  which  appears  in  ehafts  Nos.  1  and  2,  passeft 
through  mine  No.  5  also.  '*  A.  number  of  drillholes  have  been 
sunk  on  both  sides  of  it  at  different  points  and  in  the  bed  of 
Village  creek  a  shattered  exposure  of  limestone  is  to  be  seen 
with  slickensided  surfaces,  which  marks  the  line,  though  no 
prominent  break  can  be  recognized  and  no  crevice  exists 
there.  That  this  fault  has  some  influence  on  the  distribution 
of  the  ore  is  doubtless  true,  but  what  this  influence  has  been 
is  another  question.  As  is  plainly  seen  in  the  mine  the  throw 
along  it  amounts  to  only  a  few  feet,  at  least  in  mines  Nos.  1  and 
2.  East  of  this,  however,  the  throw  amounts  to  much  more, 
as  is  shown  by  the  depths  at  which  the  basal  sandstone  is 
encountered  in  the  different  drill-holes.  From  these  it  would 
appear  that  the  throw  at  some  points  must  be  at  least  150  feet.  '^ 
Shaft  No.  6, — This  mine  is  opened  near  the  the  old  ^^Battle- 
snake"  diggings.  The  areal  extent  of  the  workings  is  ap- 
proximately 2200  square  yards.  The  depth  of  the  shaft  is  122 
feet.  The  sequence  passed  through  in  sinking  to  the  ore  bed 
is  as  follows : 

Section  at  Shaft  No.  0. 

Fekt. 

9.  Clay 5»a 

H.  Llniestoue.  yellow 7 

7.  Limestone,  >?ray,  shaly 10 

t}.  Limestone l»i 

5.  Limestone,  ll^lil  ^ray 9% 

4.  Limestone,  gray,  ("!)lack"),  some  Kal«na  present SlVit 

A.  Limestone,  gray,  S'liall  amount  of  Kalena 1,^ 

2.  Limestone,  "white,"  mixed  with  galena 28,"^ 

1.  Limestone,  white,  very  arenaceous 5 

Diggings. — In  addition  to  the  large  amount  of  lead  ore 
taken  fiom  the  shafts  at  Mine  la  Motte  the  area  has  also  been 
very  profitably  woikf  d  for  ore  at  and  near  the  surface,  where 
shallow  pits  and  short  slopes  have  been  dug.  The  principal 
developments  are  the  Jack,  the  Seed-tick,  the  Eattlesnake,  the 
Wildcat,  the  Bluff  and  the  Hardscramble  diggings.  These  are 
scattered  over  a  large  area.  Prior  to  about  seventeen  years 
ago,  all  mining  which  had  been  carried  on  for  over  a  century 
and  a  half  was  done  in  these  diggings. 
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Production. — From  the  time  of  the  'liscovery  of  the  deposit 
abont  the  year  1720  ap  to  1878,  tbe  ontpat  of  ore  abont  eqnaled 
theaniouut  that  bus  been  prodnceil  dniing  the  la«t  decade  and  a 
balf.  Id  the  latter  period  deep  mioing  has  been  tbe  Bjstem  and 
work  has  goue  on  aniuterruptedly.  The  total  amocut  of  lead 
produced  since  the  begioniog  ia  over  100,0  )0  tons. 

The  dressiog  works  and  faroaces  are  at  the  ends  of  trum- 
waya  and  the  ayalem  of  treaiing  the  ore,  from  tbe  begiouiag 
nntil  a  fioiahed  prodnct  is  secured,  shows  excellent  arrange- 
ment. The  degree  of  perfection  reached  in  the  dressing  of 
the  ore  at  the  works  is  sbowiog  by  the  following  analyses  of 
the  tailings  taken  from  the  superinteodent's  records: 

Analynefi  of  Tailivgi. 
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Aside  from  tbe  regnlar  ootpat  of  lead  there  baa  been  a 

large  sale  of  nickel  matte,  nickel  snlpbide,  speias,  copper  aal- 
pbide  and  copper  matte.  Within  tbe  laat  20  years  the  ahip- 
ments  of  these  alone  have  amonnted  to  over  $120,000.00. 

Except  in  one  case  arsenic  Is  not  present  in  the  ores, 
althongh  so  commonly  associated  with  cobalt  and  nickel. 
Neither  have  any  traces  of  zino  been  fonnd. 


Doe  Bnn  is  a  comparatively  new  minioK  camp.  Altbongh 
its  development  runs  back  scarcely  a  decade  it  ie  one  of  the 
most  important  mines  in  the  state.  Previons  to  ten  years  ago 
no  anrface  diggings  nor  prospecting  had  been  done.  Since 
the  original  shaft  was  snnk  many  drill-holes  (tnd  several  shafts 
have  been  pat  down.    At  tbe  present  time  tbe  ore  is  being 
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taken  chiefly  from  a  single  opening.    The  general  sequence 
of  the  strata  is  well  shown  in  shaft  No.  2. 

Section  at  Doe  Bun  Shaft  No,  2, 

Fket  . 

5.  Clay 11 

4.  Limestone,  gray  29 

H.    Limestone,  mixed  with  ;<alena  In  varying  amounts ^i'» 

2.  Limestone,  gray,  sandy 10 

1.  Granite 2 

The  details  of  that  portion  of  the  section  which  is  deemed 
rich  enoQgh  in  ore  to  be  worked  profitably  are  given  below : 

Details  of  Workable  Ore  Body. 

Inches. 

H.     Limestone,  yellowish,  bearing  galena  freely  disseminated 12 

7.    Limestone,  light  grayish  yellow,  with  a  considerable  amount  of  galena        G 

6.  Limestone,  dark  gray,  siliceous,  sireak»*d  with  lighter  colored  galena 

abundantly  disbemlnated  throughout 4 

5.  Limestone,  dark  graj'.  clouded.  In  part  sandy,  galena  disseminated  and 

along  joints  especially. 8 

4.    Shale,  with  galena  crystals  well  disseminated S 

3.  Limestone,  dark  gray,  slaty,  earthy,  slightly  mineral-bearing 9 

2.  Limestone,  ilark    gray,    very  sandy,   heterogeneous   texture,    small 

amount  of  galena  present ft 

1.    limestone,  nearly  white,  hard,  barren i;h 

Various  diamond-drill  borings  have  revealed  many  fea- 
tures which  mast  be  taken  into  consideration  in  prospecting 
and  in  mining.  Most  of  the  drilling  in  the  vicinity  of  Doe 
Run  has  been  done  within  a  distance  of  one  mile  from  the 
northwest  corner  of  the  sheet.  The  records  indicate  clearly 
a  general  absence  of  the  basal  sandstone,  the  depth  to  the 
crystalline  floor,  and  the  height  above  this  floor  that  the 
granite  bowlders  occur.  The  distance  to  solid  granite  with- 
out regard  to  the  topographic  position  of  the  holes  ranges  be- 
tween a  few  and  200  feet.  For  example,  a  hole  in  which 
granite  was  reached  at  21  feet  down  lies  about  150  yards  north- 
west of  one  giving  granite  at  262  feet,  while  the  elevation  of 
the  shallow  hole  is  not  more  than  10  feet  above  the  other. 
The  general  plan  of  the  mine  is  shown  in  the  accompanying 
diagram  (figure  20),  in  which  both  levels  are  represented. 

The  lower  of  two  levels  worked  is  the  more  extensive. 
The  general  direction  of  the  slope  of  the  limestone  strata  in 
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th«  vorklnga  U  Math  70  degr«M  eaaL 
aboat  aU  degrees.    (See  Sgnre  20). 

Few  AiolU  oeoar.    At  one  point  io  the  soathem  portion 
of  the  mine  is  a  imall  dlBplaoament  having  a  downthrow  of 


FlKure  2H     Plan  of  tbe  DoclRun  Lead  Mine. 

abont  6  inches,  decreasing  to  the  soatbeast.  Its  strike  is 
Routh  40  degrees  west.  Tbe  walls  do  not  afford  lead 
ore.  la  a  few  places  aloofi  (he  faalt  there  are  Darrow  chan- 
nels  partly  filled  vJtb  clay.  Faulting  appears  to  have  had  bnt 
little  or  DO  infiaence  npon  tbe  deposiliou  of  the  ores  and  no 
ore  is  foiind  along  the  walls  of  the  fanlts.  The  distDrbanoes, 
other  than  those  marked  by  the  sharp  cracks  and  crevioeB 


MINB  LA.   MOTIB   SHKBT.  75 

filled  with  ore,  appear  to  have  taken  place  after  the  ore  was 
deposited.  The  iadividaal  cracks  are  often  confined  to  a 
single  stratum  and  have  no  apparent  relation  to  one  another. 

The  total  ontpnt  to  date  has  been  over  21,000  tons.  Since 
1891  the  Fiat  Biver  mines  have  been  opened  and  the  ore  has 
been  treated  at  Doe  Ban,  the  amonnt  being  35,000  tons. 

The  system  of  handling  the  ore  is  very  complete,  from  the 
time  the  contents  of  the  cars  from  the  mines  are  damped  at 
the  crashers  until  the  roa^^ted  product  is  taken  from  the  fur- 
nace. The  product  from  the  mill  is  about  75  per  cent  galena, 
the  remainder  pyrites  and  chat.  The  roast  analyses  70  per 
cent  lead,  15  per  cent  silica,  4  per  cent  sulphur  and  6  per  cent 
iron.  The  other  constituents  are  lime,  magnesia,  alumina  and 
water.  The  silica  mentioaed  is  added  just  before  the  roast  is 
removed,  in  order  to  ^*ciQder"the  mass  and  facilitate  fusion. 
This  sand  is  especially  well  adapted  to  this  use.  It  is  fine- 
grained and  97  per  cent  pure.  From  eight  to  ten  thousand 
pounds  of  roasted  ore  are  drawn  off  in  twenty-four  hours  from 
each  of  the  four  furnaces.  The  dressing  works  are  run  con- 
tiouously,  handling  the  ore  from  the  Doe  Bun  shaft  as  well  as 
from  the  company's  shaft  at  Flat  Biver,  which  lies  about  seven 
miles  northward  on  the  Mississippi  Biver  and  Bonne  Terre  rail- 
way. 

KINSTKIN    MINK. 

The  Einstein  mine  is  of  special  interest  for  the  reason 
that  it  is  the  only  example  in  the  state  or  in  the  Mississippi 
valley  of  a  fissure  vein.  The  place  is  commonly  known  as  the 
Silver  mines.  It  is  located  eight  miles  directly  west  of  Fred- 
ericktown  on  the  St.  Francois  river  ( Tp.  33  N.,  B.  V  E.,  Sec. 
12,  SE.  \  of  SW.  qr.).  As  its  importance  is  on  account  of  the 
AJlver  ore  found  it  will  be  considered  more  at  length  in  another 
place.  The  silver  is  contained  in  galena.  But  little  has  been 
done  to  operate  for  the  lead. 

MINOK  WORKINtiS   AND   PROSI'KCT   IIULKH. 

In  the  neighborhood  of  Fredericktown  considerable  pro- 
specting has  been  done  and  some  ore  taken  out.  Nifong  and 
Brewin  had  a  shaft  sunk  in  the  vicinity  of  the  town.    The 
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depth  reached  was  61  feet,  at  which  point  aandatoDe  was 
reached.  Toward  the  bottom  of  the  shaft  the  limBBtone  was 
foand  to  be  miDeral-beariDg  and  a  cODsiderable  amount  of 
iron  pyritPB,  copper  pyrites  and  galena  was  taken  oat.  Tbe 
lead  ore  waa  drislribiited  through  the  aalpbides  of  iron  and 
copper.  There  was  no  regular  etratnm  in  which  these  ores 
were  evenly  disseminated.  The;  occarret]  in  thin  streaks  with 
ocoasional  concentrated  masses.  The  ores  were  not  analyzed 
80  that  the  presence  of  nickel  and  cobalt  was  not  detected. 

Three  miles  west  of  Fredericklown  the  Fox  mine  was 
formerly  operated  (Tp.  33  N.,  R.  VI  E,,  Sec.  12).  The  shaft 
was  50  feet  deep,  with  lead  or^  tlisseminated  through  a  vertical 
thickness  of  twenty  feel  at  the  bottom,  the  lower  third  being 
qnite  rich.  Oiher  shafts  huve  been  reported  as  put  down  in 
this  neighborhood.  There  is  now  no  signs  of  mining.  An 
analysis  of  the  Fox  mine  product  showed  that  copper,  nickel 
and  cobalt  were  present  in  small  amonnts.  The  conntry  rock 
is  described  as  a  Babcryslalline,  bluish  gray  limeaLone  with 
many  cavities. 

The  SchnUe  drill-holes  were  put  down  three  miles  oortb- 
west  of  the  town  (Tp.  33  N.,  E,  VI  E.,  Sec.  I,  NW.  qr.).  To 
come  of  them  a  oonsiderable  amount  of  galena  was  disoorared. 
Hole  No.  1  lies  on  the  west  side  of  tbe  hill  in  a  shallow  ravine. 
The  strata  passed  fbroogh  are  as  follows: 


Schvlte  Drill  Hole  No.  I. 

8.    Clay 10 

2.    Llmesione,  Kray.  wit  hone  fool  mqIsiib -bearing,  flveteet  Irom  lower  Hi  ge.       fo 
1.    Granlle,  solid,  rml  I 

Id  drill-hole  No.  15  galena  was  found  at  forty-nine  and  at 
eighty-fonr  feet  from  the  enrface.  Sandstone  was  reached  109 
feet  down.  Similar  occurrences  of  lead  ore  were  noticed  in 
holes  nnmbers  3,  8,  lo,  17,  24,  25,  31,  and  in  some  others. 
Northeast  of  Fredericktown  lead  has  been  fonnd  at  a  nnmber 
of  points  along  Village  creek. 

The  bard,  enbcrystalline,  light  to  dark  gray  and  baff  lime- 
stone crops  ont  in  the  hillsides  and  along  many  of  the  streams 
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Id  the  northeastern  quarter  of  the  sheet,  bat  no  special  efforts 
have  been  made  to  ascertain  whether  or  not  these  heavy  mag- 
nesian  ledges  are  lead-beariog.  A  few  pits  have  been  pnt  down 
to  a  depth  of  perhaps  ten  feet.  In  some  cases  the  rock  thrown 
oat  of  these  shallow  pits  contained  small  specks  of  galena,  and 
such  is  the  case  in  some  of  the  heavy  sarface  ledges,  especially 
near  Libertyville.  Other  localities  are  reported  as  exhibiting 
galena,  and  'Afloat"  mineral  is  very  commonly  reported  as 
having  been  found. 

IRON  DEPOSITS. 

Althoagh  practically  no  iron  mining  is  now  carried  on 
within  the  boundaries  of  the  sheet  the  deposits  of  ores  are 
both  valuable  and  numerous.  The  principal  ores  are  hematite 
andlimonite. 

Hematite. — The  hematite  is  confined  to  those  areas  in 
which  granite  and  porphyry  is  the  country  rock.  It  occurs  in 
narrow  veins  or  small  horizontal  beds,  ^o  deposits  are  worked 
in  the  district. 

Five  miles  southwest  of  Fredericktown,  on  the  flanks  of 
Matthews  mountain  specular  ore  has  been  found,  and  also  a 
couple  of  miles  northeast  of  the  Silver  mines.  Two  miles 
northwest  of  Skraiuka  a  narrow  vein  in  red  granite  occurs  on 
the  old  Miller  place  ( Tp.  34  N  ,  R  VI  E ,  Sec.  29).  Veins  also 
occur  in  the  vicinity  of  the  Silver  mines. 

Limonite, — As  the  chief  ore  of  iron  occurring  in  the  area 
it  is  found  in  beds  of  greater  or  less  thickness,  usually  mingled 
with  chert  fragments.  Southwest  of  Fredericktown  on 
Matthews  mountain,  the  ore  is  quite  abundant  in  places,  both 
within  the  limits  of  the  sheet  and  just  beyond.  It  occurs  in 
the  form  of  large  rounded  bowlders  and  fragments  and  is  cov^ 
ered  by  a  thick  layer  of  detrltal  material,  principally  angular 
porphyry  fragments  and  limonite  masses.  A  number  of  shal- 
low pits  have  been  excavated. 

The  principal  point  where  the  ores  have  been  mined 
recently  is  on  the  Mine  la  Motte  estate,  where  they  are  used  as  a 
flux  in  lead  smelting.    In  1890,  between  300  and  400  tons  were 
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tekenoat  for  this  purpose.  At  the  present  time  sbout  600  toDS 
are  used  at  the  amellers,  moal  of  the  ore  coming  from  oear 
OomiTall,  jaat  beyond  the  eastern  liaiils  of  the  sheet  and  other 
Deigbboring  loculities-  Mach  of  the  lituonite  takeu  frotu  the 
Iiklfotte  tract  is  from  a  place  directly  east  of  the  town  near 
the  top  ot  A  «hert  hill. 

COPPER  DEPOSITS. 

While  oompantiTely  little  eoppcr  i»  now  tslceB  f»t  vitkbi 
the  limits  of  the  iheet  importMit  depeilta  oeear.  neie  vera 
formerly  worked  to  a  greater  or  lew  ezteat.  Tb^r  are  oonOned 
ohiefly  to  the  aoathero  half  of  Uie  iheet.  Tht  ptlsirfpel  ores 
are  oholoopyrlte  and  m^ohlte.  They  ere  ssnally  eworiated 
Kith  the  ■nlphtdea  of  oobalt^  Diekel,boii  end  lead.  ' 

In  the  Mine  la  Motte  tcaet  oonildereble  eopper  ore  h»e 
been  obliged.  At  the  old  Jaek  digging*  •  atrip  70  faet  vMe 
WMM  enoouDtered  which  carried  oopp«r  enlphide  wttk  a  eon- 
eiderable  amoont  of  niekel.  Id  enttUig  the  eotriea  along  the 
lead-beartog  horiaoa,lt  was  fonnd  that  white  there  waa  no  aharp 
line  of  divlaion  between  the  lead  and  Uie  copper  wee,  flie  ehaage 
ftrom  one  to  the  otbnr  waa  very  abnipt.  Within  a  very  few 
feet  the  galena  waa  entirely  replaced  by  the  copper  ore. 

Id  shaft  No.  2,  on  the  lowest  level,  there  occurs  in  a  shal- 
low depression  immediately  beneath  the  lead-bearing  stratam 
a  considerable  body  of  copper  ore  along  with  some  nickel  and 
cobalt.  The  other  mines  on  the  estate  also  contain  some 
copper  ore.  At  the  LaUotte  mines,  however,  little  attention 
has  been  giveo  to  the  mining  of  copper  pyrites,  though  some 
ehipments  have  been  made  of  both  the  ore  and  copper  matte, 
the  valne  of  two  lots  being  over  |600.  As  the  ore  is  foand 
'closely  aeeociated  with  those  of  lead,  nickel  and  cobalt,  it 
undergoes  severe  trealmeul.  The  matte  formed  of  tbe  latter 
two  and  tbe  copper  has  been  an  important  prodnct  from  tbe 
works  for  over  ^0  years. 

The  extreme  soathweeteio  portion  of  tbe  Mine  la  Motte 
tract  (Tp.  33  N,,  K.  VI  E.,  Sec.  i,  NW.  qr.)  conlains  the  Old 
Copper  mines.  Mining  was  first  piosecated  for  copper,  though 
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anprofitably.  Tunnels  were  driven  into  the  northern  slope  of 
the  hill.  More  recently,  shafts  have  been  pnt  down  and  mining 
for  lead  snccessfnlly  carried  on. 

In  the  neighborhood  of  Fredericktown  copper  has  been 
mined  at  several  points.  Northeast  of  the  town  about  two 
miles,  near  Village  creek,  some  ore  has  been  taken  out  near 
the  location  of  the  old  Gasney  lead  mine. 

Southeast  of  Fredericktown  are  several  localities  where 
important  deposits  occur.  The  Buckeye  Coppermine  (Tp.  33 
N.,  R.  VII  E.,  Sec.  16,  N W.  k  of  SW.  qr.)  is  the  principal  open- 
ing, and  was  worked  for  some  time.  This  shaft  was  sunk  about 
forty  years  ago.  The  rock  passed  through  is  a  light  gray  sub- 
crystalline  magnesian  limestone  through  the  whole  thickness 
of  which  are  disseminated  in  greater  or  less  amounts  ores  of 
cobalt,  nickel,  copper,  lead  and  iron.  The  workable  deposits 
were  forty  and  eighty-five  feet  deep,  and  at  these  depths  levels 
were  established  and  drifts  worked.  At  the  lower  level  the  drift 
was  extended  sixty  feet  to  the  southeast  and  an  equal  distance 
to  the  northwest  of  the  shaft.  The  various  ores  occurred  inter- 
mixed, filling  cavities  and  narrow  crevices  within  the  hard 
limestone,  often  giving  to  the  ledge  a  becciated  appearance. 
The  pyrites,  especially  that  of  iron,  is  finely  crystallized.  The 
copper  ore  usually  occurs  in  narrow  veins.  Around  the  shaft 
great  heaps  of  practically  lean  rock  are  piled  up,  and  today 
the  surface  material  upon  these  dumps  is  altered  and  on  the 
limestone  fragments  there  is  a  coating  of  the  green  carbonate 
of  copper.  This  covering  is  sometimes  as  much  as  one-eighth 
of  an  inch  thick,  showing  that  the  limestone  contained  much 
copper  pyrites.  The  lead  ore  is  said  to  have  contained  a  con- 
siderable percentage  of  silver.  Two  years  ago  a  drill-hole  was 
put  down  at  a  level  nearly  corresponding  to  that  of  the  mouth 
of  the  shaft.  The  depth  reached  was  125  feet  and  the  ores  of 
copper,  nickel,  cobalt,  lead  and  iron  were  encountered  at  fre- 
quent though  irregular  intervals.  An  effort  was  also  made  to 
clean  out  the  shaft,  but  this  proved  a  failure.  In  recent  years 
the  mine  has  been  abandoned  entirely.  Judging  from  the  sur- 
face materials  and  the  reports  current  concerning  the  deposit, 
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it  ffoald  eeem  that  there  is  aa  abondaace  of  ore.     The  rarer 
melale  were  shipped  to  Karope. 

Between  Fretlericlitowu  and  Oornwail  copper  has  been 
takeD  oat  from  surface  pits  excavated  in  Ibe  deinial  mate- 
rial overlying  the  magneaiaD  limestone.  Both  the  common 
ores  were  present.  Several  thoaanDil  pounds  were  taken  oat 
at  one  time.  Five  miles  soothwest  of  first  named  town,  at  the 
foot  of  Matthews  mountain,  a  number  of  pits  have  been  pnt 
down  for  ore;  and  on  the  opposite  side  of  the  monntain,  jaet 
outside-the  sheet,  ore  bas  also  been  taken  ont  at  several  points. 
Copper  has  also  been  obtained  two  miles  northwest  of  tbe 
Silver  mines  on  the  St.  Francois  river. 

MANGANESE. 
Although  wad,  or  the  black  oxide  of  manganese,  is  of 
rather  common  oconrreuce  in  southeast  Missouri  associated 
nith  the  deposits  of  specular  iron,  and  in  residuary  cherts 
and  clays  resting  upon  the  sedimentary  beds,  few  systematic 
attempts  have  been  made  to  mine  it  within  the  limits  of  the 
area  nnder  consideration.  The  nearest  locality  where  it  has 
been  taken  out  in  commercial  quantities  is  several  miles  weat 
of  tbe  sheet.  This  looality  is  on  Galbertflon  moantaiD,  five 
miles  sooth  of  Ironton,  in  Iron  county.  At  this  poiot  a  large 
amount  of  ore  has  been  mined  and  shipped,  bat  for  a  number 
of  years  little  work  has  been  done.  Within  tbe  Mine  laMotte 
sheet  a  great  many  deposits  have  been  discovered,  bat  thus 
&r  few  attempts  have  been  made  to  develop  them  extensively. 
The  main  deposits  of  the  ore  are  two  to  three  miles  northwest 
of  the  Fredericktowu  (Tp.  33  N.,  B.  VI  E.,  Sees.  I,  2, 11  and  12). 
Some  places  show  that  the  ore  bed  extends  continnously  over 
several  acres.  In  (he  southwest  quarter  of  section  IL  a  num- 
ber of  pits  were  excavated  along  the  eastern  slope  of  the  hills, 
east  and  south  of  the  two  county  roads  in  which  wad  was  met 
with.  Several  of  tbe  pits,  thongh  only  a  few  feet  deep,  contained 
ore  which  continued  to  the  bottom.  It  appears  abandantly 
scattered  through  a  very  silicions  residuary  clay  and  rests  on 
an  impure,  rather  coarse-grained  sandstone.     Tbe  quality  is 
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somewhat  inferior  and  mach  of  it  is  mixed  with  oxide  of  iron. 
Freshly  fractared  fragments  are  qnite  hard,  and  steel  gray  to 
black  in  color.  In  the  northern  half  of  section  12  (Tp.  33  N., 
K.  Yl  E.)  and  on  adjacent  land  to  the  north  and  east,  wad  is 
frequently  enooantered.  On  the  roadside,  eastward  from  the 
intersection  of  the  coanty  roads,  a  few  feet  of  a  low  grade  of 
ore  is  exposed  for  some  distance.  Northward,  in  a  field  and 
in  the  bank  of  a  small  branch,  similar  occurrences  are  common. 
Shallow  prospecting  pits  were  put  down  and  in  every  case  the 
ore  [extended  several  feet  from  the  surface.  Usually,  the 
character  of  the  bog  ore  is  poor,  but  some  higher  grade  de- 
posits, which  may  prove  extensive  upon  development,  are  also 
present.  In  section  2  beds  of  manganese  which  crop  out  near  a 
small  branch  have  been  found  to  underlie  an  area  of  con- 
siderable extent.  Much  of  the  ore  here  is  the  earthy,  black 
variety  and  is  tolerably  free  from  impurities. 

Southeast  of  the  last  named  locality,  in  the  northwest 
quarter  of  section  1,  the  diamond-drill  in  prospecting  for 
galena  passed  through  a  manganese  bed  at  a  number  of  points. 
In  the  surface  clays,  which  overlie  the  indurated  rocks,  man- 
ganese was  found  at  depths  varying  from  30  to  60  feet ;  some 
layers  were  a  foot  thick,  besides  many  thin  seams.  The  quality 
of  the  manganese  is  superior  to  that  known  to  exist  elsewhere 
within  the  limits  of  the  sheet.  It  is  of  a  steel-gray  color,  with 
metallic  to  brilliant  lustre.  In  the  samples  collected  no  impuri- 
ties could  be  detected  and  it  should  be  classed  as  a  very  high 
grade  ore.  It  is  doubtless  suitable  for  both  speigeleisen  and 
ferro-manganese.  Very  little  silica  can  be  detected  and  the 
percentage  of  iion  is  low. 

Seven  to  eight  miles  south  of  Fredericktown  at  a  point 
ju5t  beyond  the  boundary  of  the  sheet  there  is  another  deposit 
of  manganese  quite  dififerent  in  character  from  those  already 
described.  This  is  a  decidedly  black  earthy  variety.  Macro- 
scopically  it  appears  pure,  except  for  a  few  fine  quartz  grains. 
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Otber  depOBi'e  occur  at  nuineroas  poiute  and  fragments 
of  the  commoD  bog  ore  are  frixiaently  noticed  on  the  elopes 
of  the  chert  billa. 

NICKEL  AND  COBALT. 
The  paragenesia  of  nickel  and  cobalt  ore  is  very  intimate. 
Both  minerals  are  closely  associiited  with  the  ores  of  iroD, 
copper  and  lead.  The  common  occurrence  is  the  black  earthy 
cobalt  or  asbolile  which  usnally  oontaioB  from  one  to  five  per 
cent  of  nickel,  and  massive  liunicite  which  also  carries  some 
nickel.  Ad  analysis  of  the  galena  from  the  Old  Copper  minea 
in  the  aonthwestern  corner  of  the  Mine  la  Motle  tract  gave 
Ctiaavenet  1.68  per  cent  of  nickel  and  0  63  per  cent  of  cobalt. 
The  lead  ore  from  the  Neidner  shaft  on  the  estate  gave  the 
same  analyst : 


Lead  (lOBlalllc) BS.W 

Copper -..  .  - Trace 

NlcVel. I.IK 

cobnlt., 1  t» 

The  nickel  ore  from  the  Jack  diggings  showed  2.27  per 
cent  of  the  metal  and  1.66  per  cent  of  cobalt. 

In  this  coDoection  it  is  of  considerable  interest  to  lesro 
that  nickel  as  well  as  manganese  occnrs  in  appreciable  qaanti- 
ties  in  tbe  maaaive  crystallines  of  the  region.  Analyeea,  by 
Melville,  of  a  fine-grained  granite  (I),  and  two  porphyries  (II 
and  IH)  from  a  locality  (Tp.  33  N.,  E.  V  E.,  Sec.  6)  three  miles 
nortbweat  of  Silver  mines,  bnt  jnet  outside  of  the  bonndaries 
of  tbe  sheet,  gave  the  following  results  : 
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Table  of  Nickel  Determinations  of  Missouri  Oranites. 


Loss  at  100  C 

Loss  on  ignition 

SIO2   

AI.O3 

FeaOa   

FeO  

MO 

MnO 

Cao 

Mj^O 

K-O 

Na20 

1*205 

TIO^ 

Totals 


I. 

II. 

III. 

0.22 

0.12 

0.17 

0..'S4 

0.30 

0.26 

72  35 

71. 3;^ 

71.88 

18  7S 

12.55 

12.88 

1.87 

3.75 

3.05 

0.36 

0.H5 

1.05 

0.20 

0.15 

0  02 

0.06 

0.04 

Trace 

0.87 

0.94 

1.13 

0.42 

0.58 

0.33 

4.49 

4.20 

4.46 

4.14 

4.52 

4.21 

0.13 

0.16 

0  15 

0.44 

0.55 

0.22 

99.87 

100.01 

99.81 

Oomparatively  little  attention,  however,  has  been  paid  to 
the  mining  of  the  ores  alone  and  what  has  been  shipped  has 
been  mined  in  connection  with  lead.  Yet  the  product  obtained 
is  not  unimportant.  At  Mine  la  Motte  alone  the  ontpat  of 
speiss  for  the  last  twenty  years  has  amounted  to  over  570,000 
pounds,  that  of  matte  827,000  pounds,  and  of  nickel  sulphide 
36,000  pounds.  Tbe  amount  taken  from  the  Old  Copper  mines 
is  not  known  with  exactness,  but  it  appears  sufficient  to  make 
a  total  of  all  the  the  cobalt  and  nickel  products  something  like 
710  short  tons.  As  the  mining  of  the  minerals  is  commonly  a 
secondary  matter  much  of  the  material  is  not  cared  for. 


SILVER. 

The  occurrence  of  silver  within  the  limits  of  the  Mine  la 
Motte  area  is  of  unusual  interest  from  the  fact  that  nowhere 
else  in  the  state  have  deposits  of  like  character  been  found. 
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The  metal  ia  found  in  true  qaartz-Slled  lissnre  YeioB,a  considera- 
ble Quoiber  of  whicti  exist  id  the  regioD.  Tbe  largest  ie  located 
on  tbe  St.  Francois  river  about  eight  miles  directly  west  of 
Fredericktown  ( Tp,  33  N.,  R.  V  E.,  Sec.  12,  SB.  1  of  HW.  qr.) 
at  a  place  now  kaowo  as  tbe  Einsteio  Silver  mine. 

The  rock,  for  a  conaiderabte  dietaace  aronnd  the  locality, 
is  a  coarse -grained,  red,  biotite  graoite,  or  granitite,  a  part  of 
the  great  central  field.  It  ia  out  by  dikes  of  diabase  and 
by  quartz  vetna,  the  largeat  of  which  ia  about  fonr  feet  in  thick- 
Dees.  The  locality  has  manifestly  been  the  aeat  of  coaaiderable 
distarbance,  as  ia  indicated  by  the  great  nnmber  of  flsaures. 
The  fact  that  some  have  been  filled  with  the  basic  rock  mate- 
rial, and  some  with  other  vein  sinffe,  clearly  shows  that  tbe 
formation  of  tbe  two  sets  did  not  take  place  at  the  same  time. 
Tbe  general  trend  of  the  diabase  or  greenstone  dikes  is  nearly 
ia  a  north  and  south  direction  ;  while  that  of  the  quartz  reiDS 
is  a  little  south  of  west.  The  former  are  nearly  vertical;  the 
latter  dip  to  the  sontheastward  about  60  degrees. 

The  locality  is  unique  in  faraiahiug,  besides  ailverbearing 
galena,  a  number  of  minerals  which  are  found  nowhere  else  in 
the  state.  The  veio-Htuffs  are  of  snch  pecaliar  kinds  and  the 
wall-rook  has  been  no  altered  for  a  distance  of  sereral  feet 
that  it  is  qaite  manifest  that  fnmarole  action  has  been  vigorona. 
A  large  amonnt  of  micaceous  material  which  may  be  regarded  as 
sericit«,bas  been  prodnced.  Asaooiated  with  it  are  other  min- 
erals ueaally  not  met  with,  and  thene  are  also  scattered  through 
the  gangue,  wbiohle  largely  quartz, and  the  argeutiferone  galena. 
Tbe  feldspar  in  the  wall-rock  has  been  almost  completely 
changed  to  the  aericite,  which  occurs  in  dbrous  masses.  A 
dark  lilhia  mica,  zioowaldite,  occurs ;  also  topaz,  fluorite  and 
wolframite.  The  amount  of  silver  contained  in  galena  varies 
greatly.  In  some  cases  ae  high  as  300  oonces  to  the  ton  are 
reported ;  iu  others  scarcely  a  trace.  The  average  of  50  assays 
waa  about  46  ounces  to  the  ton. 
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The  plan  of  the  mine  is  shown  in  the  accompanying  cat 
(fignre  27 ),  which  is  taken  from  anrveys  condncted  by  W.  B. 
Potter. 


Fiui'RK  27.    rian  and 
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The  place  on  which  the  Silver  mine  waa  opeued  was  entered 
as  mineral  land  in  1855  by  one  Beanghollz,  who  prospected  for 
several  years  and  finally  sold  ont  to  Knox  and  EinBtein  of  St. 
Louis.  Systematic  prospecting  was  began  in  I877;iind  as  a 
result  a  (luarix  vein  was  discovered  about,  100  fret  above  tbe 
St.  Francois  river.  The  dip  having  been  earefnlly  determined, 
a  tnnnel  was  started  near  tbe  water  level  and  driven  in  for  a 
distance  of  200  feet.  An  incline  of  180  feet  was  also  put  down, 
from  the  bottom  of  which  two  or  three  drifts  were  started.  Two 
years  later  the  Kiustein  Silver  Mining  Company  was  formed  and 
tbe  worli  poshed  vigorously.  A  large  alone  dam  was  con- 
dtruoted  to  famish  power,  and  farnaces  and  smelting  worke> 
were  built.  Through  some  mismanagement  the  company  was 
obliged  to  give  up  work.  For  a  long  time  the  mine  has  been 
idle,  but  recently  another  attempt  has  been  made  to  develop 
the  ore  and  a  new  shaft  has  been  commenced. 

Altogether  50  tons  of  lead  were  taken  oat  of  tbe  IJinstein 
mine  and  nbont  3000  ounces  of  silver. 

BUILDING  STONES. 
No  other  district  of  similar  siite  within  the  limits  of  the 
state,  or  pnrhapa  in  tbe  wbole  MiBsisBippi  ralley,  haa  a  g^i^eater 
variety  of  good  stone  for  all  kinds  of  coDBtractiODal  purposes 
than  the  area  occupied  by  the  Mine  la  Motte  sheet.  For 
qnaotity,  quality  and  beaoty,  the  stones  that  can  be  used  Tor 
building  and  ornameutal  work  are  unsurpassed  by  any  in  the 
United  States.  This  is  attested  by  the  fact  that  tbe  stones 
from  this,  or  the  neighboring  localities,  have  entered  largely  into 
the  construction  of  some  of  tbe  largest  aod  most  massive 
buildings  in  tbe  country.  Leading  structarea  in  Dallas  (Texas), 
Omaha,  St.  Louis,  Des  Moioee,  Afinneapolia,  14'ew  Orleans, 
Chicago,  Indianapolia,  Cincinnati,  Cleveland,  Baltimore  and 
other  large  cities  have  been  erected  wholly  or  in  part  of  the 
Miasouri  stooe.  This  atone  has  been  transported  a  thoasaad 
miles  for  buildings  reared  npon  tbe  very  brink  of  qaarriea  the 
product  of  which  is  known  tbe  whole  country  over. 


MINB  LA   MOTTB   SHEET.  87 

There  are  in  the  district  foar  general  classes  of  rock  that 
are  saitable  and  available  for  bailding  stone.  These,  with 
their  chief  varieties  which  will  be  described  farther  on,  are  as 
follows : 

I.  Granite. 

1.  Granite  (biotite  granite,  or  granitite). 

2.  Syenite  (granite-syenite). 

3.  Black  granite  (diabase,  '^greenstone"). 

4.  Porphyry  ('*felsite"). 

II.  Marble. 

III.  Limestone. 

Dolomite. 

Ordinary  limestone. 
lY.     Sandstone. 

GSANITES. 

Under  the  general  term  ^'granites"  all  the  massive  crystal- 
line rocks  of  the  region  are  known.  Lithologically  there  are 
several  distinct  varieties  which  have  very  different  properties, 
and  which  have,  moreover,  very  different  composition  and 
structure.  These  various  features  have  an  important  influence 
in  the  selection  of  a  stone  for  struciural  materials. 

Oranite, — The  coarse-grained  granite  composes  by  far  the 
greater  portion  of  the  crystallines  in  the  district  under  con- 
sideration. Its  area  is  not  far  from  50  square  miles,  most  of 
which  is  easily  accessible  for  quarrying.  In  color  the  stone  is 
a  warm  red  to  pink ;  in  places  merging  into  gray.  Though 
usually  a  coarse-grained  rock,  fine-grained  varieties  are  of  fre- 
quent occurrence.  The  arrangement  of  the  constituent  min- 
erals give  very  beautiful  effects  of  contrast.  (Plate  xii,  photo- 
graph of  polished  surface.)  The  granites  take  a  very  high 
polish.  All  are  very  strong  and  are  very  durable.  Extended 
examinations  in  thia  slices  under  the  microscope  clearly  indi- 
cate that  the  rock  is  in  a  remarkable  degree  free  from  objec- 
tionable constituents.  Both  chemical  and  field  investigations 
corroborate  these  observations.  The  rocks  consist  almost 
wholly  of  a  granular  aggregate  of  quartz  and  feldspar.     White 


SB  ifua  1.4  xom  mmat. 

mloa  (mtuooTite)  U  enUz^  absent.  Tb*  snoaiit  of  Uuk  adea 
preieat  { bloUi« )  wUeh  It  Diodlr  ou  of  throe  eeeepflal  eon- 

fitituents  and  a  mloerftl  which  is  the  first  of  the  principal  com- 
ponents  io  most  granitee  to  break  down  aiider  meteoric  iofla- 
«Dce8,  is  reduced  to  a  miDimam  amoant  aod  in  many  cases  ia 
almost  entirely  absent  The  feldspar  is,  for  the  moat  part, 
orthoolase,  th«  most  durable  of  the  feldspathic  minerals. 
Accessory  components  liable  to  decompose  are  wanting.  The 
Kfeat  preponderance  of  the  more  indestruolible  oonstitneDts 
is  also  indicated  by  the  obemioal  analyses. 

Analpata  of  Granite. 
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The  first  two  by  Melville  are  from  samples  taken  three 
miles  northwest  of  the  Silver  mine,  but  j net  oatside  of  the 
boundaries  of  the  sheet.  The  third  by  the  St.  Lonis  Sampliiift 
and  Testing  Works,  is  soatheast  of  the  other  locality  and 
abont  two  miles  west  of  the  Silver  mine. 

As  a  qnarry  rock  the  granite  has  a  number  of  features 
recommending  it.  It  is  jointed  in  such  a  way  as  to  make 
quarrying  both  easy  and  economical.  The  proximity  of  the 
fractures  varies  at  different  points.    In  places  the  breaks  are 
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cloae  eooagh  together  to  permit  paving  blooks  being  taken 
oat  with  the  greatest  facility;  in  others  monoliths  of  any  size 
may  be  obtained  perfectly  free  from  seams  and  defects.  The 
stones  are  readily  split  in  quarrying  and  easily  dressed  in  pre- 
paring them  for  the  purposes  for  vrhich  they  are  designed. 
Farthermore  very  little  "  stripping"  is  required  in  obtaining 
access  to  the  stone.  The  general  aspect  in  the  qaarry  ledge 
is  shown  in  plate  xiii,  which  represents  the  Milne  and  Gordon 
qaarries. 

Syenite. — The  rock  to  which  this  name  is  usually  applied 
in  the  region  is  a  "blue"  granite,  in  contradistinction  with 
the  gray  or  red  granite.  It  is  properly  a  syenite-granite. 
In  texture  and  other  physical  properties  it  is  nearly  the 
same  as  the  red  variety.  Minerallogically,  however,  it  dif- 
fers from  the  ordinary  granite  in  containing  hornblende 
and  much  more  black  mica.  It  contains  the  least  quartz  of 
any  granitic  rock  in  the  region.  Tbe  blue  color  is  imparted 
chiefly  by  the  biotite  and  hornblende,  though  the  feldspar  also 
has  a  peculiar  bluish  color. 

There  are  several  square  miles  of  this  variety  of  granite 
lying  southwest  of  Syenite  and  Knob  Lick,  all  of  which  is 
easily  accessible.  The  stone  takes  a  brilliant  polish  but  it  is 
necessary  to  exercise  some  care  in  selecting  the  rock  for 
dimension  work,  as  often  small  seams  are  present  which  rend- 
ers fracturing  easy.  Tbis  would,  however,  doubtless  be  largely 
overcome  by  the  adoption  of  better  methods  of  quarrying. 

Black  Oranite.  —  The  black  granites  are  greenstones,  or 
diabases.  They  occur  in  dikes  and  small  circular  areas  cut- 
ting the  granite  and  porphyry.  In  color  they  are  very  dark 
green  or  gray  and  present  a  marked  contrast  to  the  rocks 
associated  with  them.  Tbey  are  heavy,  very  tough,  and  when 
struck  with  the  hammer  emit  a  metallic  ring.  The  diabases 
admit  of  a  fine  polish.  Owing  to  peculiarities  of  mineralogi- 
cal  composition  these  rocks  do  not  make  durable  building 
materials  and  should  not  enter  into  expensive  constructions. 
Even  if  they  were  durable  little  good  dimension  stone  could 
seldom  be  obtained  on  account  of  the  numerous  seams  present. 
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For  paviDg  blocks  the  diabase  rocks  are  nnsnrpassed,  and 
should  be  ased  to  the  greatest  extent  possible  id  those  dis- 
triels  of  tbe  cities  in  which  the  heaviest  traffic  is  carried  on. 
While  doubtless  goodforoue-half  to  three-ijuarters  of  a  ceaiury 
the  atmospheric  decay  of  the  blocks  >8  juet  rapid  enoogb  to 
prevent  them  from  liecoiniog  slippery  vhich  is  so  objection- 
able in  granite  and  qnartzite  blocks. 

Porphyry The  "fetsile"  as  it  is  comiuonly  called  locally 

is  abnodantly  and  widely  distributed.  It  is  a  very  cloae- 
graiaed,  often  almost  glassy  rock  havings  variety  of  colore, 
pink,  red,  purple,  green,  brown  and  black  in  many  shades.  It 
takes  a  brilliant  polish.  The  rock  is  extremely  hard  and  Qioty, 
rather  brittle  and  breaks,  with  asomewhat  conchoidal  fracture. 
On  account  of  tbe  difflcnliy  in  working  and  dressing,  the  por- 
phyry is  not  very  well  suited  for  dimensiou  work. 

[jUAGBIBS   IN    SBAHITB. 

Allen   &   Yieth    Quarry. — The  location   of  the   qaarry    of 

.  AUeo  &  Veith  is  about  four  miles  northwest  of  Knob  Liok  and 

|ione-half  mile  north  of  Doe  Itnn  creek  ( Tp.  35  N.,  B.  V  E.,  Sec. 

:,  SW.  qr).    The  working  face  is  180  feet  long;  the  depth  of 

tbe  qnarry  averages  twenty  feet.    Xamerons  joiotH,  ranniog 

mainly  in  a  NE~SW  direoMon,  are  noticeable.    They  are  Dot, 

however,  so  frequent  as  to  prevent  getting  oat  blocks  of  any 

desired  dimeueioDS.    Tbe  stone  has  been  worked  ap  chiefly 

into  pavers,  half  a  million  having  been  taken  oat.    The  etone 

is  of  a  clear  red  color  and  dresses  readily.     Its   oompositiOD 

differs  somewhat  from  that  at  most  of  the  other  qaarriea, 

quartz  being  abandaot.     A  vertical  qoarlz  vein  traverses  the 

bed.    One  large  steam  derrick  has  been  employed  and  tracks 

laid  to  the  dumps.    It  is  one  of  tbe  largest  block  qnarrles  in 

the  area. 

Kirh  Quairy A  short  distance  from  the  Allen  &  Vieth 

opening  is  a  qnarry  on  the  sonth  slope  of  the  hill  (Tp.  35  N,, 
R.  V  E ,  Sec.  35,  8E.  qr).  Quarring  was  done  in  solid  red 
granite  which  is  of  medium  grain  and  dresses  readily.  The 
product  is  pavers,  of  which  2;{,000  blocks  have  been  taken  oat. 
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Chamberlain  Quarry, — Not  very  far  away,  on  the  Peers  land, 
a  granite  qaarry  has  been  opened,  from  which  about  38,000 
blocks  for  streets  have  been  taken.  It  now  has  a  vertical  face 
twenty  feet  high  which  could  be  easily  extended.  The  rock  is 
rather  tine-grained,  but  works  easily  and  could  be  utilized  for 
dimension  stone  as  joint  planes  are  not  frequent. 

A  dozen  or  more  other  openings  have  been  made  in  the 
same  vicinity.  They  lie  on  both  sides  of  the  Doe  Enn  creek. 
A  couple  of  miles  farther  up  the  stream  ( Sections  27  and  28 ) 
granite  has  also  been  quarried  at  several  points. 

Haves  it  Crawford  Quarries, — The  principal  openings  of 
those  last  mentioned  are  located  on  the  east  side  of  the  creek 
(Tp.  36  N.,  R.  V  E.,  Sec.  27,  SW.  qr.)  The  immediate  ex- 
posure of  granite  is  quite  small.  Over  3,000  blocks  have  been 
taken  out. 

Near  the  mouth  of  Doe  Kun  creek  on  the  flank  of  a  prom- 
inent hill  northeast  of  Wachita  mountian  considerable  stone 
has  been  obtained. 

Cartee  Quarry, — Work  at  this  place  has  been  carried  on 
(Tp.  34  N.,  R  V  E.,  Sec.  2,  NE.  qr.)  in  granite  for  about  eight 
years.  There  are  several  small  quarries.  Blocks  are  also  ob- 
tained from  surface  ledges.  The  red  granite  is  coarse  in  tex- 
ture. About  60,000  blocks  have  been  hauled  to  the  railroad. 
At  the  present  time  there  are  no  extensive  operations  being 
conducted. 

Wood  Quarry. — This  quarry  is  on  the  Taylor  land,  on  the 
north  hillside  about  one-fourth  mile  west  of  the  Cartee  place. 
The  rock  is  quite  similar  and  the  same  kind  of  methods  are 
employed  in  quarrying  and  dressing  the  rock.  Over  32,000 
blocks  have  been  produced. 

Eaves  Quarry. — Northeast  of  the  last  mentioned  openings 
is  operated  a  small  quarry  (Tp.  34  N.,  R.  V  B., Sec.  1,  NW.  qr.) 
from  which  several  thousand  blocks  have  been  removed.  The 
granite  is  the  ordinary  light  red,  medium-grained  variety.  No 
heavy  blasting  has  been  undertaken,  the  top  ledge  of  granite 
alone  being  utilized,  since  at  the  surface  the  rock  is  fresh  and 
very  durable. 
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Wildcat  Quarry. — This  qaarry  is  at  the  top  of  a  broad 
granite  hill  (Tp.  34  N.,  R.  V  E.,  Sec.  13,  SE.  qr).  The  rock 
is  tolerably  coarse-grained,  pale  red  in  color  and  works  easily. 
No  dimension  stone  has  been  taken  out,  althoagh  joint  planes 
are  not  so  abnndant  as  to  interfere  with  the  quarrying  of 
large  blocks.  Abont  50,000  six-  and  eight-inch  paving  blocks 
have  been  made  here.  The  granite  in  this  district  is  all  of 
splendid  quality.  It  seems  to  be  more  uniform  in  color  as  well 
as  in  texture. 

Berry  Quarry. — Three  miles  northwest  of  Knob  Lick  are 
several  large  quarries  ( Tp.  35  N.,  B.  YI  E.,  Sec.  30,  SE.  qr  ). 
A  switch  connects  them  with  the  Belmont  branch  of  the  T.  M., 
St.  L.  &  S.  railroad,  a  little  over  one  mile  distant.  Until  recently 
it  was  owned  and  operated  by  the  St.  Louis  Granite  Gompany 
and  went  by  the  name  of  the  G'Meara  quarry.  The  quarry 
was  opened  up  a  little  more  than  four  years  ago  on  the  north- 
east slope  of  a  hill  which  is  partly  covered  by  sandstone.  Tt 
has  a  circular  face  of  about  300  feet  in  length  and  averag^es 
fifteen  feet  in  depth.  Across  the  center,  nearly  east  and  west, 
a  seven-foot  channel  has  been  excavated  to  enable  work  to  be 
carried  on  more  easily.  The  quarry  as  a  whole  is  in  excel- 
lent working  condition.  Usually  the  amount  of  stripping  is 
slight.  Go  the  northeast  side  tberock  is  somewhat  decomposed 
and  is  not  utilized,  but  elsewhere  it  is  very  firm.  In  texture  it 
is  of  perhaps  the  coarsest  of  any  within  the  area.  Some  pink 
feldspar  crystals  are  found  more  than  an  inch  in  length.  It 
works  readily,  especially  on  the  lift,  and  blocks  of  any  desired 
dimensions  can  be  taken  out.  The  plant  consists  of  a  rack  and 
power  shed  and  a  number  of  dwellings;  also  a  drill,  derrick, 
traveler,  and  a  "  Jenny  Lind  "  polisher  for  flat  surfaces ;  the 
machinery  is  worked  altogether  by  steam  power.  The  dimen- 
sion rock  has  been  used  in  the  construction  of  the  Bissell  Point 
waterworks  biiildinjj^,  pump  house  at  Chain  of  Rocks,  for  tops 
of  piers  for  the  elevated  railroad  in  East  St.  Louis,  Illinois,  and 
for  many  other  structures.  In  addition  half  a  million  blocks 
for  street  paving  have  been  taken  out. 


i 

I    'I 


I   . 


>  'J 


ii| 


MINE  LA   MOTTB  SHEBT.  93 

Tetley  Quarry — About  200  yards  soath  of  the  Berry  qaarry 
is  an  opening  on  ;he  Tetley  land.  Tlie  work  is  a  reddish  gray 
granite,  and  rather  coarse-grained.  About  50,000  paving  blocks 
have  been  used  from  this  place. 

Steffen  Quarry. — A  couple  of  small  openings  have  been 
recently  started,  one  on  the  north  and  the  other  on  the  south 
side  of  the  O'Meara  switch,  just  west  of  its  connection  with  the 
Belmont  branch  railroad  ( Tp.  36  N.,  R.  VI  E.,  Sec.  29,  SW.  qr). 
As  quarrying  has  just  been  begun  only  a  few  blocks  have  as 
yet  been  made.  The  granite  is  the  coarse,  grajish  red  var- 
iety, is  easily  trimmed  and  is  doubtless  quite  a  valuable  stone. 
Drilling  is  done  by  steam  power  and  the  intention  is  to  open 
up  large  block  quarries.  Sandstone  extends  over  the  top  of 
the  hiU  along  the  north  face  of  which  the  granite  is  uncovered 
and  quarried. 

West  of  Knob  Lick  around  the  town  of  Syenite  are  the 
most  important  quarries  in  the  sheet.  Three  long  switches 
leave  the  Belmont  branch  of  the  Iron  Mountain  railway  at  the 
station  to  provide  shipping  facilities  for  the  output. 

Meyers  Quarry  is  sit-iated  just  north  of  the  county  road, 
one-half  mile  west  of  Knob  Lick.  It  was  opened  two  years  ago 
and  block-making  has  been  prosecuted  most  of  the  time  since. 
Probably  50,000  six-inch  and  eight-inch  blocks  have  been  pro- 
duced. The  rock  worked  is  called  ''blue  syenite".  It  is  a  gray 
granite  with  rather  medium  texture.  The  jointing  planes  are 
rather  numerous,  the  general  direction  being  southwest-north- 
east. The  stone  is  admirable  for  paving  purposes  and  could 
be  used  for  certain  dimension  work.  There  are,  however, 
small  spots  of  dark  gray  material  scattered  through  the  mass. 
These  of  course  detract  from  the  value  of  the  rock  for  building 
purposes  but  does  not  lessen  its  value  for  paving  blocks.  The 
large  masses  are  raised  to  the  nurface  by  a  hand  derrick. 

Flemming  Quarry, — This  opening  lies  about  100  yards  west 
of  the  one  just  described.  It  was  first  opened  three  years 
ago.  The  rock  is  the  ordinary  "blue"  granite,  and  is  very 
easily  worked  on  the  rift.  Something  over  55,000  blocks  have 
been  made. 
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A»plo»  Quiarry. —  Northeast  of  the  Flemmiog  opsuing  is  a 
Bmall  qaarry  Id  the  "blue"  i;rdnite,  8uch  as  is  foand  at  the  other 
qn*rries  in  the  vicinity.  It  dresses  easiiy  and  joints  are  snffi- 
ciently  nnmerous  lo  aid  very  materially  iu  the  qaarry  opera- 
tions.    Abonl  10,000  blocks  have  been  hammered  oat. 

MoOeorge  (J.)  Quarry.  —  Tiie  J.  MoG30ree  qaarry  was 
opened  11  years  ago  and  a  ltirgt>  qaantity  of  paving  blocks 
bave  been  obtained.  The  working  face  is  about  2U  feet  high 
and  (50  feet  long.  It  is  opened  just  north  of  the  road  about 
half-way  between  Koob  Lick  a-jd  Syenite,  in  the  "blue"  granite. 
Over  the  hard  rock  are  two  to  sir  feel  of  decomposed  granite 
and  residual  clays  which  mast  be  stripped.  Joint  planes  run 
a  litHe  west  of  south.  This  has  been  one  of  the  mast  import- 
ant workings.  A  single  hand-power  derrick  is  nsed  in  raising 
the  large  masses  to  the  surface. 

McQeorge(  W.)  Qaarry. —This  opening  lies  just  northwest 

of  the  J.  MoGeorge  quarry.     Operations  were  begun  13  years 

ago  and  a  large  number  of  blocks  made.     It  is  20  feet  in  depth 

,  and  has  an  average  of  five  feet  of  stripping.  The  joints  almost 

■nvariably  lie  nearly  north  and  soath. 

Kelly  Qaarry. — At  the  Kelly  quarry  about  a  quarter  of  a 
mile  north  of  the  J,  MoGeorge  place  considerable  work  has 
been  done.  It  is  in  the  ooarse-graioed  "bine"  granite,  apon 
which  rests  from  four  to  eight  feet  of  stripping. 

In  and  arouod  Syenite  is  the  largest  development  of  the 
qaarry  indastry  within  the  limits  of  the  area. 

Milne  &  Gordon  Quarry. — The  quarry  and  dressing  works 
are  at  Syeoite,jast  north  oftbe  county  road,  in  the  center  of  sec- 
tion 6  (Tp.  31  N.,  R.  YI  E.).  It  is  one  of  the  oldest  granite 
openings  in  the  district.  The  worked  ont  area  isabont  thirty 
feet  deep,  but  at  the  present  time  the  work  is  being  done  at  a 
twenty-foot  bench.  A  good  face  of  rather  coarse-grained  red 
granite  has  been  developed.  At  the  southeast  corner  of  the 
opening  the  stone  is  grayer  and  is  here  traversed  by  red 
porphyritic  streaks.  A  few  feet  southeastward,  beyond  the 
quarry  proper  a  coarsely  crystalline  gray  granite  lies  above  the 
led.    It  is  of  firm  texture  and  sniiable  for  dimension  stone. 
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This  area  is  incladed  in  the  regalar  qaarry.  The  joints  are 
safficiently  nameroas  to  greatly  facilitate  the  work.  The 
general  direction  is  aboat  soath  10  degrees  west.  The  texture 
is  fairly  coarse  bat  the  color  is  not  constant  over  large  areas. 
There  is  a  tram- way  from  the  quarry  to  the  railroad  just  above 
Knob  Lick.  The  plant  itself  has  in  addition,  three  steam  and 
two  hand  derricks  at  the  quarry  and  one  hand  derrick  at  the 
railroad ;  also  vertical  and  circular  polishers,  sheds,  and  other 
necessary  equipment.  The  output  from  the  quarry  has  been 
mostly  dimension  stone  for  large  structures  in  various  cities, 
chiefly  St.  Louis,  and  for  monuments.  The  stone  appears  to 
good  advantage  in  the  roughly  dressed  state  and  partakes  of  a 
very  bright  polish.  Blocks  of  almost  any  desirable  dimensions 
can  be  secured.  One  huge  monolith  was  broken  out  that  was 
50  feet  long,  and  20  feet  in  width  and  depth. 

Syenite  Quarries. — The  Syenite  Oompany  was  among  the 
earlier  operators  in  the  region.  Work  was  begun  in  1880, 
large  sheds  erected  and  machinery  put  in  for  handling  the 
blocks.  Later  the  work  was  transferred  to  Graniteville  in  Iron 
county.  T«7o  principal  quarries  were  developed  to  some  extent 
before  the  change  was  made.  One  lies  above  the  Little  St. 
Francois  river  north  of  Syenite.  This  was  the  principal  seat 
of  work  and  was  about  fifty  feet  deep.  It  is  estimated  that 
175,000  cubic  feet  of  granite  ^ere  quarried.  The  stone  is  of  a 
grayish  red  color  and  of  medium  grain.  The  general  trend  of 
the  master  joints  is  in  a  direction  a  little  west  of  south  ;  of  the 
secondary  planes  nearly  at  right  angles  to  these.  The  other 
main  quarry  lies  about  150  yards  northwest  of  the  Milne  & 
Gordon  quarry.  It  has  a  twenty-foot  perpendicular  face. 
Joint  planes  are  not  so  numerous  and  large  blocks  are 
obtained.  The  texture  is  a  little  coarse  but  the  stone  works 
very  easily.  The  company  has  another  quarry  in  granite  north 
of  the  large  one.  Only  blocks  were  made  here.  A  switch 
leaves  the  railroad  north  of  Knob  Lick  and  extends  to  the  old 
work  sheds.  Although  now  abandoned  there  is  much  probabil- 
ity that  work  will  be  resumed  here  instead  of  continuing  at 
Graniteville. 
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BalcUJTe  Quarry Tbia  is  a  email  fjaarry  west  of  Syenite. 

The  grayish  red  granite  used  ie  quite  coarse-graiDed,  bat  there 
are  not  eaongh  joiot  planes  preeent  to  enable  the  work  to  be 
carried  on  without  sooie  difficalty.  Probably  l'^,000  blocks  for 
pavine  have  been  made  at  this  place. 

\Yaiil  d-i  O^Bannon  Qaarry.^TbiB  ie  a  new  locality  Jast 
east  of  the  Batclitfe.  Two  to  three  thonsand  blocks  have  been 
made.  The  stone  has  bnt  few  joints,  bat  works  on  the  lift 
with  ease.    Ko  stripping  is  required  as  yei. 

Arnold  (Quarry The  Arnold  quarry,  to  the  south  of  the 

oonnty  road  on  tbe  Baker  land  in  the  sonthwest  quarter  of 
section  6,  has  been  opened  three  years.  In  this  time  17,000 
blocks  have  been  obtained.  The  opening  is  in  a  red  granite, 
tolerably  coarse  textured. 

Milne  &  Gordon  Leased  Quarry, — This  is  also  on  the  Baker 

laud.     It  was  opened  np  for  block-making  purposes  eight  years 

ago  and  quite  an  extensive  excavation  has  been  made.     The 

granite  is  light  red  in  color,  aod  medium-grained.     Besides  the 

.  masses  which  are  broken  into  pavers  a  considerable  amoant 

■jim  been  used  in  the  construction  of  bridges  along  the  railroad. 

P  Wood  Quarry. — Formerly  the  Racking  &  KiaCrap  qnarry. 

The  opening  Is  in  the  red  granite,  on  the  lower  part  of  Knob 

Lick  moantain  ahoat  three-foartha  of  a  mile  nearly  west  of  the 

highest  poiot.    The  rock  is  considerably  jointed  and  paving 

blocks  are  made  with  bnt  little  difflcnity.   A  derrick  is  employed 

for  shifting  tbe  large  masses. 

OroM  Quarry Work  began  at  this  point,  which  is  on  the 

northwest  slope  of  Knob  Lick  monntain,in  1891,  and  siaoe  that 
time,  40,000  blocks  have  been  taken  ont.  The  stone  is  the 
ordinary  light  grayish  red  granite  and  has  an  easy  fraotore. 

Allen  Quarry This  place  is  also  opened  on  tbe  north- 
western part  of  Knob  Lick  moantain.  The  stone  is  reddish 
gray.  Over  175,000  blocks  have  been  shipped  ont.  The  stone 
works  well  and  makes  an  excellent  paver. 

Wallace  Quarry,  formerly  tbe  old  Welch  qnarry,  is  aitn- 
ated  high  up  on  the  northwest  side  of  Knob  Lick  moantain. 
It  is  250  feet  long  and  100  feet  wide ;  and  has  been  worked  for 


I 


MINE  LA  MOTTE  SHEET.  97 

a  dozen  or  more  years.  Tlie  quarry  is  eight  to  eighteen  feet 
deep,  with  two  to  sIk  feet  of  stripping.  The  fracture  is  more 
certain  on  the  rift  parallel  to  the  north  and  south  planes.  In 
the  upper  part  of  the  quarry  a  porphyritic  rock  appears,  at  one 
point  being  eight  feet  thick.  Nearly  1,00D,000  blocks  have 
been  made  here. 

Wells  Quarry. — A  short  distance  on  the  slope  to  the  north- 
east from  the  Wallace  quarry  is  another  recently  opened.  The 
color  of  the  granite  is  the  usual  reddish  gray  and  the  texture  is 
tolerably  coarse. 

Pritchett  Quarry, — Work  was  begun  just  northwest  of 
Wells  quarry  in  the  spring  of  1895.  The  granite  here  is  of  a 
lighter  color  than  at  the  Wallace  but  otherwise  is  quite  similar* 
Only  a  few  blocks  have  as  yet  been  removed. 

Summers  Quarry. — This  is  quite  a  large  opening,  situated 
in  Tp.  34  N.,  R.  VI  E.,  Sec.  9,  NW.  qr.  It  was  opened  about 
ten  years  ago  and  quarrying  was  carried  on  interruptedly  until 
recently.  The  excavation  is  about  150  feet  in  length.  The 
stripping  of  decomposed  materials  is  from  five  inches  to  as 
many  feet  thick.  There  are  many  joint  planes  trending  nearly 
east  and  west  and  north  and  south,  but  these  do  not  interfere 
with  the  adaptability  of  the  stone  for  dimension  purposes. 
The  easiest  way  for  working  the  granite  is  on  the  rift,  yet  the 
"hard way"  is  often  resorted  to.  The  "hardway"  is  nearly 
perpendicular  to  the  direction  of  the  slope. 

Simpson  &  Thurley  Quarry. — What  is  known  as  the  main 
Simpson  quarry  lies  about  500  feet  south  of  the  Summers  place^ 
and  there  is  another  about  250  feet  to  the  northeast.  The  lat- 
ter is  in  light  pink  to  gray  granite ;  the  former  in  a  red  variety. 
Both  are  now  abandoned  by  the  blockmakers,  but  the  debris, 
consisting  of  chips  and  large  blocks  which  have  accumulated, 
are  transported  in  cars  along  a  tramway  to  the  railroad  at  Knob 
Lick  and  shipped  as  grout  to  St.  Louis  where  it  is  crushed  and 
used  in  the  preparation  of  granitoid  walks.  A  very  large 
number  of  blocks  were  manufactured  from  the  two  localities. 
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Aiiderso*  Quarry.— This  place  was  opened  about  four  years 
ago  oa  the  hillside  sevenly-tive  yards  aoulUeaat  of  the  Sammer^ 
quarry.  Itia  iiowooty  abDat  thirty  by  forty  feet  io  areal  extent 
and  ten  feet  deep.  It  has  beeo  idle  nntil  recently,  bnl  block- 
making  has  been  resnm  nd.    The  graaite  ia  fiirly  coarsegrained. 

Butler  Qaarry.^Tbe  old  Butler  opeoiDgs  lie  on  the  Booth 
Bide  of  Butler  hill, »  western  extension  of  Koob  Lick  mountain. 
There  are  in  this  place  a  namber  of  surface  qoarries  known  as 
"bowlder  motions,"  the  solid  beds  not  having  been  reached. 
Some  of  these  detached  masses  are  twenty  feet  or  more  ia 
diameter  and  are  composed  of  tine,  iiodecayed  granite.  Only 
one  or  two  CKCfivatious  are  being  worked  al  present,  bat  in 
past  yeare  the  output  has  been  quite  large.  Most  of  the  gian- 
ite  is  rather  coame-grained  and  of  a  grayish  red  color. 

Wood  &  Bibbitg  Quarrg — In  the  northeaat  i|iiarter  of  sec- 
tion t  (Tp,  31  N.,  R.  VI  E.),  quarrying  has  been  going  on  in  s 
tolerably  Hue. grained  red  granite,  for  the  prodaction  of  paviog 
blocks.  There  are  a  great  many  large  bowlders  on  the  surface 
near  by  but  only  the  solid  ledges  nnderuealh  are  utilized.  The 
slonefraolureseaeily  inthe  manufacture  of  pavers.  Dimension 
stone  could  also  be  easily  obtained.  The  total  ontput  lo  date 
is  abont  100,000  blocks. 

MiiBOuri  Quarry. — Tbere  are  several  quarries  now  known 
under  the  name  which  were  formerly  called  the  Abbott  open- 
ings. They  lie  at  the  end  of  a  switch  extending  from  Knob 
Lick,  in  the  western  part  of  section  17  (Tp.  34  S.,  R.  VI  E ). 
Work  was  begun  bere  several  years  ago  but  tbe  quarries  have 
not  been  developed  to  any  extent  except  for  the  mannfactore 
of  paving  blocks.  However,  since  connections  have  been  made 
with  tbe  Belmont  railway  the  intention  is  to  extend  the  works 
and  put  in  equipment  primarily  for  tbe  production  of  dimen- 
sion stone.  Two  large  steam  derricks  are  in  position.  There 
are  two  openings  ;  the  main  one  lies  at  the  end  of  tbe  switch, 
the  other  aboat  125  yards  to  the  north.  The  latter  is  in  red, 
rather  coarsely  crystalline  granite,  but  tbe  joints  are  hardly 
sufficiently  numerous  for  easy  working.  The  other  is  a  small 
quarry  now  about  twenty  feet  square  and  twelve  feet  deep.     At 
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the  large  exeavatioD  the  rock  is  of  a  grayish  red  color  and  very 
compact.  Iq  the  southwestera  part  of  the  qaarry  there  is  a 
dike  of  fiae-grained  diabase  traversing  the  granite  in  a  nearly 
north  and  soath  direction.  Its  width  is  from  twelve  to  eigh- 
teen inches  and  there  are  branches  running  off  from  the  main 
miss.  It  is  nearly  vertical.  Aboat  twenty  car  loads  of  grotit 
have  been  taken  away  recently.  The  outpnt  thas  far  has  been 
almost  wholly  paving  blocks. 

Chamberlain  (J.)  Quarry, — This  is  located  on  the  section 
line  between  17  and  18  (Tp.  34  N.,  R.  VI  B).  It  was  opened 
in  18S7  and  is  now  abont  150  feet  one  way  by  fifty  feet  in 
another,  and  seven  feet  deep.  The  stripping  amounts  nsnally 
to  less  than  two  feet  and  in  places  the  hard  nndecomposed 
rocks  extend  to  the  surface.  A  quartz  vein  traverses  the 
quarry  in  a  direction  south  65  degrees  west.  Along  this  intru- 
sion the  granite  is  very  much  jointed  and  of  a  gray  color. 
There  is  a  dike  of  diabase  also  crossing  the  granite  of  this 
quarry.  It  is  the  extension  of  the  one  shown  in  the  Missouri 
quarry  a  short  distance  to  the  northeast.  Since  opened,  pro- 
bably 75,000  blocks  have  been  gotten  out.  Large  dimension 
stone  might  be  obtained  also. 

Warsing  Qaarry. — This  is  a  small  opening  in  the  northeast 
quarter  of  section  IS  ( Tp.  34  N.,  R.  VI  E ).  As  yet  it  has  been 
developed  but  little.  The  rock  dresses  easily  and  could  be 
used  advantageously  for  building  stone.  Up  to  1894  only  pav- 
ing blocks  had  been  taken  out,  of  which  about  10,000  had  been 
marketed. 

Fry  Qaarry, — Paving  blocks  were  obtained  until  1893  in 
the  northwest  quarter  of  section  18  (Tp.  34  N.,  R.  VI  E ).  The 
rock  quarried  was  the  ordinary  reddish  granite,  rather  coarse- 
grained and  capable  of  being  worked  into  blocks  with  compara- 
tively little  effort.  Joint  planes  were  not  numerous,  but  suf- 
ficiently so  to  assist  in  quarrying.  The  output  probably 
amounted  to  10,000  blocks. 

KirkpatrickSc  Cross  Quarry, — Thissmall  working  lies  south- 
east of  the  center  of  section  7  ( Tp.  31  N.,  R.  VI  B  ).  About 
10,000  blocks  were  made  from  finegrained  red  granite.     Very 
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Ihtle  solid  rock  was  used,  ae  targe  bowlders  were  most  acL-ea- 
Bible. 

Arnold  {Juarry  is  on  Eock  branch  in  the  sonthwest  qaarler 
of  eecliou  T.  It  wae  opened  seven  or  eight  jears  ago,  as  wert^ 
nlao  others  on  the  opposite  side  of  the  river  at  the  "Narrows"  io 
the  northwest  qnarter  of  the  same  section  ( Tp.  34  N.,  B.yi  B  ]. 
Red  granite  of  rather  fine  grain  was  worked  with  Utile  diffl- 
uQlty.  The  rock  is  also  adaptable  to  structural  pnrpoees. 
Full  75,000  blocks  have  been  shipped  from  the  several  points. 

lu  addition  to  the  large  number  of  qaarriea  and  "motioaa" 
at  and  in  the  vicinity  ot  Syenite  and  Kuob  Lick,  other  localities 
have  been  found  which  would  furnish  a  superior  grade  of  gran- 
ite and  at  some  of  these  work  could  be  prosecuted  very 
SQceessfnlly. 

Four  miles  Bouth  of  Knob  Lick,  on  Masco  creek,  several 
qaarries  have  been  opened  io  the  granite. 

Oarr  Quarry. — ^This  quarry  lies  in  the  southwest  quarter  of 
section  26  ( Tp.  34  N.,  E.  VI  E 1.  Work  has  been  done  on  both 
sides  of  :he  oreek  at  the  railroad  bridge.  The  stone  quarried 
is  a  dark  grayish  rock,  rather  fine-grained.  Joint  planes  are 
ffeqnent.  Daring  the  three  years  it  has  been  in  operation  a 
large  number  of  pavers  haa  been  taken  oat. 

There  is  another  qaarry,  bat  now  abandoned,  aboat  one- 
half  mile  upstream  from  the  Uarr  place,  the  old  Kreilzer  open- 
ing. This  is  on  the  west  side  of  the  gradually  sloping  granite 
bill.  The  blocks  were  hauled  to  Lewis  switch  a  short  dis- 
tance westward.  About  three  years  ago  the  Bridgman  qaar- 
ries  furnished  paving  blocks  from  red  granite  along  the  rail- 
road near  tbe  center  of  section  22  of  the  same  township  and 
range. 

Bock  mountain  is  about  two  miles  northwest  of  Skrainka 
and  on  its  slopes  to  tbe  northwest  there  are  several  quarries. 

Surst  Quarry  IS  located  on  the  headwaters  of  Pine  creek 
(Tp.:JH  N.,  E.  VI  E.,Sec.  32,NW.  qr).  Three  or  fonropeninga 
have  been  worked  and  perhaps  25,000  blocks  taken  ont. 

Oraham  Qaarry  is  near  the  Hurst  and  has  been  worked 
for  paving  blocks. 
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Billington  Quarry.  There  were  several  excavations  opened 
in  the  southwest  quarter  of  section  30  (Tp.  34  K.,  B.  YI  E. )  a 
few  years  ago  and  25,000  paving  blocks  were  produced.  Opera- 
tions have  now  ceased  at  this  locality. 

Vandergriff  Quarry The    two  Vandergriff  openings  are 

close  together  and  lie  about  half  a  mile  north  of  the  Billington. 

They  were  opened  about  the  same  time  and  30,000   blocks 

made. 

Lamb  Quarry, — Openings  have  been  made  in  half  a  dozen 

places  in  the  northwest  fourth  of  the  southeast  quarter  of  sec- 
tion 25  (Tp.  34  N.,  K.  Y  E. ),  the  principal  one  being  the  Lamb 
quarry.  Only  15,000  blocks  have  been  prepared,  and  the  work 
has  not  been  carried  on  continuously. 

Lewis  Quatry.  Some  work  was  done  four  years  ago  in 
several  places  in  the  vicinity  of  the  Lamb  place  and  10,000 
blocks  manufactured.  The  rock  is  well  adapted  to  block- 
making  but  is  a  little  difficult  to  dress. 

Phillips  Quarry.  Several  small  workings  have  been  de- 
veloped in  the  northeast  fourth  of  the  southeast  quarter  of 
section  25  (  Tp.  34  N.,  R.  Y  E. ).  They  are  known  as  the  Phil- 
lips ^^motions.''  Reddish  granite  of  rather  coarse  texture  was 
quarried  and  10,000  paving  blocks  sent  out. 

Bridgeman  Quarry.  There  are  several  small  excavations 
in  the  granite,  located  less  than  one-half  mile  south  of  the  Phil- 
lips place.  The  rock  is  very  similar  in  quality  and  color  and 
about  the  same  number  of  paving  blocks  have  been  made. 

Martin  Quarry.  Four  or  five  small  quarries  have  been 
opened  about  one-half  mile  southwest  of  the  Phillips.  Work 
was  carried  on  quite  extensively  for  a  time  and  the  amount  of 
the  output  was  over  25,000  blocks. 

The  quarry  industry  was  of  considerable  importance  ten 
years  ago  in  the  area  in  which  are  situated  the  quarries  in  the 
southeast  part  of  Tp.  34.,  R.  Y  E.,  and  in  the  southwest  part  of 
Tp.  31  N.,  R.  Yl  E.  The  remoteness  from  railroad  facilities 
militated  against  them.  The  granite  is  all  of  excellent  quality 
and  were  transportation  facilities  nearer  at  hand  work  would 
doubtless  continue. 
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Buek  Mountain   (^uarrie* The  work  oa  Back  monntain 

has  been  coaSaed  priuoipally  to  the  BOathero  end,  in  the  north- 
ern part  of  aeclioo  5  ( Tp.  33  N.,  R.  VI  E ).  Developnieot  be- 
gan a  dozen  years  ago.  Later,  maoh  qnarrying  waa  anderlaken 
and  Booii  a  large  number  of  paving  blocks  were  takea  out  auU 
shipped.  The  rock  has  proved  to  be  oDe  of  the  best  grains  of 
grunile  ia  Missonri.  From  Syenite  southward  to  the  Back 
MoQutaiu  area  the  qnality  is  found  to  become  better  and  better. 
The  Btone  is  easily  dressed,  receives  a  high  polish  aad  contains 
DO  deleterious  caDStitaents.  A  little  quarrying  is  oarrlcd  oo 
here  from  time  to  tiuK^  but  extensive  work  ba^  not  been  prose- 
cuted for  the  p^st  few  years.  Over  250,00ft  blocks  were  got- 
ten out  froj]  the  several  openiuga. 

Bald  Mountain  (^uarriei. — Bald  tDouataio  lies  to  the  north- 
west of  Skrainka.  The  first  quarry  was  the  Skraiuka  &  Simp- 
eou,  which  was  opened  about  eleven  years  ago.  It  is  near  the 
top  of  the  mountaio.  Other  quarrying  has  been  done,  mainly 
on  the  southwest  flank,  but  no  rock  has  been  taken  out  here 
for  nearly  two  years.  There  is  but  little  stripping  and  the 
grauile  is  of  such  a  character  as  to  nmke  it  a  very  desirable 
block  atone.  It  fractures  smoothly  and  wears  well.  The 
product  was  transferred  on  a  long  switch  to  the  Belmont  branch 
of  the  Iron  Mountain  railway. 

Frederioktown  Quarries. — In  the  vicinity  of  Frederioktown 
a  number  of  openinga  have  been  made.  Aboat  300  yards  north 
of  the  station  east  of  the  railroad  track  there  is  a  small  quarr;. 
Ad  excavation  twenty  feet  square  and  twelve  feet  deep  hoa 
been  quarried  out  and  worked  into  paving  blocks.  The  rock 
is  a  flDe-grained  grayish  pink  stouo,  with  easy  fracture. 

In  the  southeast  quarter  of  section  6  (Tp.  33  N.,  B.  VII  K.) 
several  small  quarries  have  been  opened  up  in  a  red  granite  ; 
and  from  time  to  time  the  output  of  blocks  is  quite  large.  The 
blocks  are  of  first-class  quality  and  are  easily  made.  At  pre- 
sent DO  work  is  done  in  the  locality. 

In  addition  to  the  great  number  of  quarries  and  "motions" 
in  the  granite,  of  which  descriptions  have  already  been  given, 
there  are  numerous  others  which  have  been  worked  and  which 
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have  afforded  a  large  namber  of  paving  blocks.  Around 
Syenite  and  Knob  Lick  as  far  west  as  the  eastern  edge  of  sec- 
tion 5  ( Tp.  34  N.,  R.  VI  W.)  much  quarrying  has  been  done 
outside  of  the  places  particularly  noted.  They  are  perhaps  not 
less  important  in  extent,  but  not  being  in  operation  at  the  pre- 
sent time  no  definite  information  could  be  obtained  regarding 
them.  Many  were  filled  with  water  and  debris.  The  ^^  blue  " 
granite  area,  which  lies  between  Knob  Lick  and  Syenite  has 
been  worked  into  on  the  south  as  well  as  the  north  side  of  the 
road  by  many  ^* motions"  but  none  have  taken  out  dimension 
stone,  and  work  is  now  abandoned  at  the  greater  number  of 
them.  There  are  several  *' motions "  in  the  granite  near  the 
center  of  section  3,  west  of  Syenite. 

QUARBIES  IN   POBPHYRY. 

In  those  districts  were  there  is  a  great  abundance  of  gran- 
ite, porphyry  can  never  be  quarried  to  advantage,  principally 
for  the  reason  that  it  is  so  difficult  to  work.  For  paving  blocks, 
which  at  present  form  a  very  considerable  part  of  the  quarry 
output,  porphyry  is  not  popular.  The  blocks,  aside  from  being 
difficult  to  make,  become  very  smooth  and  slippery  after  being 
down  a  short  time.  Only  one  quarry  of  importance  exists  in 
the  district. 

Wells  Quarry. — This  is  a  ''motion"  near  the  top  of  Knob 
Lick  mountain.  Work  in  a  compact  porphyritic  rock  pro- 
gressed for  about  a  year,  and  3000  pavers  were  made.  The 
rock  was  found  to  be  too  hard  for  first-class  blocks  and  was 
condemned.  A  few  hundred  porphyry  blocks  have  also  been 
taken  out  near  this  place  but  the  work  lasted  only  for  a  short 
time. 

QUABRIHS   IN   BLACK   GBANITB. 

The  principal  quarries  of  diabase  are  in  the  vicinity  of 
Skrainka.  The  product  is  entirely  paving  blocks.  The  local- 
ity is  about  five  miles  northwest  of  Fredericktown  (Tp.  33  N.,  R. 
VI  E.,  Sec.  3).  A  dark  green  rock  occurs  here  and  is  well  ex- 
posed in  a  ravine  at  an  abandoned  quarry.  It  can  be  definitely 
traced  almost  to  the  divide  to  the  eastward,  southward  for  100 
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fnrda  or  more,  and  Dorthward  for  a  greater  distance.  It  is  re- 
ported that  Ibe  aame  rock  was  met  with  in  a  well  ooe-fonrtb 
mile  to  the  oortbeast.  Branches  from  the  main  masa  doablless 
extend  io  varions  directions  and  allhoogh  the  exact  connection 
has  not  been  traced  there  are  good  evidences  that  some  of 
them  are  either  ex tenaioos  of  the  principal  one  or  else  separate 
dikes.  At  several  places  along  the  headwaters  of  Frizelle 
branch  (  section  4  )  jnat  west  of  Bald  mountain,  dike  rocks  are 
also  very  oumeroas.  One  and  ooe-hslf  miles  eoatb  of  Skrainka 
there  are  bowlders  of  the  aame  ro^k.  To  all  appparauoes  there 
is  00  dilference  between  the  Skraiiika  diabase  and  that  of  oeigh- 
boring  localitiea. 

A  quarry  at  Skrainka  was  opened  aboat  eleven  years  ago 
and  worked  about  two  years  as  the  Skrainka  &  Simpson  qaarry. 
Then  for  a  season  it  was  operated  as  the  Simpson  quarry: 
after  which  it  became  the  LaMotte  opening.  For  nearly  six 
years  no  work  has  been  done.  At  limes  as  many  as  150 
men  were  employed  in  getting  oat  atone  and  making  blocks 
which  were  ahippei)  over  a  Bwiloh  to  the  Belmont  branch  rail- 
road. The  principal  qnarry  ia  now  abont  one  hundred  yards 
long  by  fifty  yards  wide.  'Motions"  were  also  opened.  In  the 
aoathern  end  of  the  quarry  the  rock  has  decomposed  to  a  depth 
of  thirty  to  forty  feet  and  has  left  only  a  coarse  sandy,  brown 
colored  mass,  in  which  an  occasional  solid  bowlder  is  present. 
Hard  rock  donbtless  exists  to  the  aoathward.  On  the  other 
side  of  the  opening  tbe  depth  to  hard  diabase  ia  only  a  few 
feet.  It  is  estimated  that  nearly  200,000  blocks  were  made  of 
this  diabase.  It  works  very  easily  and  is  gotten  out  with  little 
difflcalty,  since  joint  planes  are  quite  abundant.  The  supply  of 
block  stone  is  practically  ioexhaastible. 

Large  diabase  bowlders  are  found  in  great  numbers  along 
the  county  road  one  and  one-balf  miles  aontb  of  Skrainka. 
They  are  not  decomposed  and  many  have  been  worked  into 
paving  blocks.  Tbe  character  of  tbe  alone  is  almost  identical 
with  that  of  the  Skrainka  diabase. 

Near  tbe  north  and  south  section  line,  on  the  southeast  ex- 
tension of  Knob  Lick  mountain,  about  100  feet  below  the  sam- 
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mit,  there  are  several  small  ^'motioDs"  in  green  diabase.  The 
stone  is  fiae-grained,  but  makes  a  very  good  paver.  It  is  not 
difficalt  to  dress;  and  if  it  were  found  in  greater  abundance 
and  more  conveniently  situated  would  doubtless  be  utilized 
much  more  extensively.  For  several  years  the  excavations 
have  been  abandoned. 

MARBLES. 

The  marbles,  as  found  in  the  district  under  consideration, 
are  very  fine,  close-grained,  throughly  crystalline  stones  which 
have  every  appearance  of  having  been  metamorphosed  by  heat. 
They  have  rather  a  limited  areal  distribution  and  are  confined 
to  a  few  small  areas  in  the  southwestern  corner  of  the  sheet. 
There  is  a  great  variety  of  colors,  raogiog  from  nearly  white, 
to  pale  straw,  gray,  pink,  through  all  the  reds,  to  dark  chocolate. 
The  effects  are  very  beautiful  and  in  many  cases  the  colors  are 
variegated  aad  exqalsitely  blended.  All  the  varieties  take  a 
brilliant  polish  and  are  suitable  for  all  kinds  of  ornamental 
work.  Little  effort  has  yet  bee:i  made  to  develop  the  marble 
beds,  as  the  chief  drawback  has  been  the  lack  of  shipping  facil- 
ities. At  the  present  time  the  quarries  are  so  far  from  the 
railroad  that  in  order  to  get  the  stone  to  market  it  must  be 
hauled  over  rough  roads  for  distances  of  five  to  twelve  miles. 
Enough  however  has  been  done  notwithstanding  the  various 
drawbacks  to  show  clearly  the  character,  adaptability  and  ex- 
tent of  the  beds  in  the  localities.  With  the  proper  transporta- 
tion facilities  at  hand  the  marbles  could  doubtless  be  made  the 
source  of  considerable  wealth. 

gUABBIBS   IN   MARBLE. 

Allen  <&  Smith  Quarry, — ^Formerly  the  opening  was  known 
as  the  Covert,  or  Cedar  Bottom,  quarry.  It  is  located  about 
three  miles  south  of  Silver  mines  and  ten  miles  southwest  of 
Frederick  town  (  Tp.  ;^3  N.,  R.  V  E.,  Sec.  25,  SE.  qr ).  It  lies  in 
the  largest  deposit  in  the  Jistrict,  covering  about  one  square 
mile.  Most  of  the  area  is  of  very  gentle  slope,  but  in  spite  of 
the  low  surface  relief  but  little  debris  hat)  collected  over  the 
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greater  portion  of  tlie  marble  deposit,  and  io  places  the  tbicb- 
ueea  of  the  residaal  clays  barely  cover  the  bard  layers.  lu 
color  and  testare  Ihe  etooe  varies  greatly.  Some  ledges  are 
flesh-colored  ;  others  the  same,  bat  clonded  with, light  streaks; 
others  are  of  darker  shades  of  red,  either  nniform  or  motled  ; 
while  certain  strata  are  of  a  very  dark  cherry  red  color.  The 
texture  is  homogeneoDS.  For  the  moat  part  the  stone  has  a 
compact,  fine-grained  matrii,  tbroogh  which  are  scattered  small 
grains  of  more  coarsely  crystallized  material  either  of  marble 
or  of  pnre  calcite.  Then  there  are  thinner  layers  of  semicxj- 
stalline  rock  of  a  nuiforni  texture;  others  of  either  of  tho6e 
mentioned,  with  an  occasional  band  more  crystalline  and  some- 
times thin  broken  streaks  of  dark  red  clayey  u'alerial.  The 
latter  ocenre  in  occasional  layers  and  is  not  delelerione.  The 
stone  dresses  readily.  The  ledges  are  from  a  few  to  twenly- 
fonr  inches  iu  tbickoess.  Almost  any  desired  sizes  of  blooka 
may  be  secured.  Being  the  surface  rock  with  little  or  no  strip- 
ping and  in  a  well-drained  locality  (luarrying  is  carried  on  with 
almost  uo  obstacle  to  iutefere.  The  marble  is  bard  and  slightly 
brittle  but  takes  a  splendid  polish  and  is  suitable  for  mounments, 
mantles  and  oranmental  work, and  especially  indoor  trimmiogs 
and  decorations. 

Qale  Quarry. — There  are  two  small  quarries  on  tfae  Gale 
land,  the  principal  one  lying  in  the  center  of  an  old  grant,  cor- 
responding to  tbe  Bootb-oentral  part  of  section  29  (Tp.  33  K., 
B.  VI  B.),  and  tbe  other  across  tbe  road  about  half  a  mile. 
There  are  about  160  acres  of  marble  in  the  deposit.  The  open* 
inga  were  made  fifteen  years  ago.  A  considerable  amoant  of 
stoiie  has  been  taken  oat  for  moDnmenta  and  samples.  The 
rock  in  the  northern  opening  is  exposed  along  a  branch  and  in 
order  to  quarry  it  but  little  stripping  is  required.  The  princi- 
pal ledge  is  eighteen  inches  in  thickness,  has  a  light  grayish 
pink,  clouded  color  and  is  qoarried  in  large  blocks.  Earthy 
partings  of  greenish  clayey  material  are  occasionally  shown, 
facilitatiog  the  getting  out  of  tbe  stone.  Tbe  ledges  are  with- 
out joints  except  at  wide  intervals  so  that  the  stone  in  the 
ledge  may  be  out  into  thia  slabs  for  indoor  trimmings,  man- 
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ties,  Steps  and  base-boards.  The  upper  ledge  is  ten  iaohes 
thick  and  of  a  pinkish  gray  color.  The  general  texture  is  fine- 
grained. Both  ledges  admit  of  a  fine  polish.  Small  monuments 
have  been  prepared  from  the  upper  bed.  Other  layers  exist  but 
are  not  now  worked.  Only  about  one  car  load  of  these  marbles 
has  been  shipped. 

In  the  southern  opening  only  the  weathered  ledges  are 
shown.  The  most  important  layer  is  several  inches  thick.  It 
is  tolerably  tough  and  takes  a  high  polish. 

Wright  Quarry. — The  Wright  quarry  is  about  a  mile  north- 
east of  the  Gale  (Tp.  33  N.,  R.  VI  B.,  Sec.  28,  NW.  qr.,  8  J  )  in 
the  side  of  a  ravine.  Work  towards  developing  these  ledges 
began  about  fiiteen  years  ago  and  a  number  of  blocks  of  the 
stone  taken  out,  two  or  three  car  loads  of  rough  stone  being 
shipped  from  Fredericktown.  No  stripping  of  consequence  is 
necessary  to  reach  the  best  ledges  which  can  be  gotten  out  in 
slabs  sixteen  inches  thick.  As  a  rule  the  stone  has  a  peculiar 
texture.  It  is  rather  dull,  finely  textured  and  granular  in 
appearance,  the  latter  character  being  well  brought  out  in  the 
polished  faces.  It  is  remarkably  easily  worked  and  not  in  the 
least  "  plucky.''  The  color  is  commonly  a  very  dark  brick-red, 
approaching  brown ;  in  this  general  hue  are  blotches  and  specks 
of  lighter  color  and  of  clear  white  calcite  which  give  a  striking 
as  well  as  beautiful  effect  to  the  dressed  stone. 

Strong  &  Gillespie  Quarry, — The  opening  in  the  marble  just 
north  of  the  main  east  aod  west  road  along  the  headwaters  of 
Slater  branch  was  formerly  known  as  the  Slater  quarry  but  is 
now  called  the  Strong  &  Gillespie.  The  quarry  is  on  the  south 
slope  of  the  hill  and  considerably  above  the  drainage  level. 
A  prospect  shaft  was  sunk  here  through  thirty  or  forty  feet  of 
marble  and  the  formation  was  not  passed  through.  A  large 
amount  of  stone  has  been  taken  out  from  the  quarry.  Some 
has  been  shipped  and  some  of  it  used  for  monuments.  The 
stone  is  light  to  dark  red  in  color,  and  partly  banded  with  thin 
veins  of  white,  the  latter  are  of  calcite  and  do  not  interfere 
with  the  solidity  nor  durability  of  the  rock.  The  clayey  seams 
which  occasionally  occur  near  the  outer  surfaces  of  the  layers 


108 


MINE   LA   M'lTIE   8HBBT. 


are  somewhat  iajurioua  ia  that  tbey  are  eoarces  of  aodesirable 
fractures  aad  do  not  piiliab  well.  The  tbickaees  of  tbe  strata 
JQ  sight  raogee  from  a  few  incbes  to  two  feet  aad  immeQse 
blocikB  are  obtainable.  A  siagle  large  derrick  baa  been 
employed. 

LIMESTONE. 

The  limestone  of  the  district  comprise  two  principal  varie- 
ties :  dolomite,  and  ordinary  limes  tone.  Oatside  of  the  granite 
field  they  form  a  caosiderable  belt  along  the  northern,  eastern 
and  aoatheru  margins  of  the  sheet. 

Dolomite  is  tbe  most  important  of  the  calcareous  qaarry- 
rookj  and  most  of  tbe  Ilmerocks  are  of  tbis  natare.  Its  stone 
is  bnGT,  compact,  Soe-grained,  massively  bedded.  Often  some 
silicioas  matter  is  present  either  ia  the  form  of  fine  ([uarlz  sand 
or  chert. 

On  the  Mine  la  Motte  estate  three  analyses  of  the  rock 
gave  the  following  results: 

Aaalyiea  of  Dalmnite. 
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One  of  the  samples  ( I )  was  from  Book  creek  one  mile  east 
of  the  road  crossing,  north  of  tbe  village.  The  second  ( II )  ia 
from  the  old  lime  kiln  half  a  mile  farther  up  the  creek.  The 
third  ( II[ )  is  from  the  eastern  p»t  of  the  estate. 

Exposures  of  heavily  bedded  dolomite  are  of  frequeot  oc- 
currence. Outside  of  the  granite  area  these  outcroppings  are 
nsnall;  so  situated  as  to  enable  quarrying  to  be  done  witbont 
much  expense  on  nccoaut  of  stripping.  QuarryiuK  in  the  mag- 
nesian  limestones  has  been  carried  oa  in  the  area  more  or  leas 
extensively  for  a  long  time,  but  never  has  tbe  work  gone  be- 
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yoDd  satisfying  local  demands.  It  is  not  dae,  however,  to  the 
fact  that  there  is  not  a  great  abandance  of  first-class  bailding 
material,  bat  rather  to  the  fact  that  other  districts  within  ship- 
ping distance  are  alos  well  sapplied.  The  limestones  are  well 
adapted  to  fonndation  walls,  sills,  steps,  bridge  piers  and  all  of 
the  common  ases. 

Ordinary  Limestone. — While  there  are  some  beds  of  lime- 
stone which  contain  very  little  magnesia  they  are  comparatively 
few  in  namberand  extent.  As  qaarry  rocks  they  are  unimpor- 
tant within  the  district. 

QUABBIBS   IN   LIMESTONE. 

Downs  Quarry. — This  qaarry  isaboat  two  miles  northwest 
of  Fredericktown  (Tp.  33  N.,  R.  VI  B.,  Sec.  11,  NE.  i  of  NW. 
qr).  It  is  circular  in  shape.  The  stripping  has  a  maximum 
thickness  of  four  feet  but  usually  only  from  three  to  fifteen 
inches.  This  covering  is  of  residual  clays  and  there  is  a  decom- 
posed limestone  ledge  present.  The  strata  here  dip  with  the 
floor  of  porphyry  about  15  degrees,  south  20  degrees  east.  The 
actual  juncture  is  not  distinctly  shown,  but  crystalline  rocks 
are  exposed  only  a  few  feet  up  the  hillside  from  the  quarry. 
The  same  dip  of  strata  is  noticed  for  nearly  half  a  mile  to  the 
southeast  and  is  one  of  the  best  illustrations  of  the  slant  of  the 
sedimentaries  agreeing  in  places  with  the  angle  of  the  slope  of 
the  granite  floor.  The  top  ledge  of  limestone  is  from  three  to 
twelve  inches  in  thickness.  It  thins  out  up  the  slope.  It  is 
of  a  light  grayish  color,  is  finely  textured  and  of  dull  lustre. 
It  is  taken  out  in  slabs  containing  eighteen  square  feet  and  is 
well  adapted  for  curb  stones,  water  tables  and  well  rocks. 
Under  the  first  layer  comes  a  heavy  ledge  of  very  similar 
character  but  containing  fewer  grayish  to  buff  horizontal  seams. 
It  is  a  good  building  stone  but  has  not  been  extensively  used. 
Much  of  the  stone  for  the  new  college  building  at  Frederick- 
town  was  taken  from  this  quarry. 

Berryman  Quarry  lies  just  east  of  Fredericktown  on  the 
south  side  of  Saline  creek.  It  was  opened  a  number  of  years 
ago  and  the  stone  was  used  for  burning  into  lime.    The  present 
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fAce  Ib  aboat  tvanty  f^et  loQg  &ncl  Qf teen  feet  high  with  no 
atrippiDg.  The  ledges  are  lighl  gray,  hard,  willi  &  Babcryetftlliae 
testare  and  from  three  to  aiaeiaohes  thick.  It  is  easily  quar- 
ried and  IB  a  gftod  etone  for  constructional  purpuses.  Mach 
of  the  Btoae  obtaiaed  from  this  qa^rry  has  been  ulilizRd  for 
foandHtiona. 

Aboat  one  mile  Boath  of  Fredericktown,  on  the  aoath  side 
of  the  river,  there  is  a  blaff  of  limeBtone  nearly  forty  feet  high 
at  the  top  of  which  a  ijiiarry  is  toeing  developed.  The  strata 
are  overUio  by  three  to  foar  feet  of  reaidaary  clays.  The  beds 
quarried  are  from  three  to  eighteen  inches  ia  thickness;  most 
of  Iheni  above  five  inches.  They  are  baff  to  gray  in  color, 
ueaiily  semiuryataUine,  and  easily  quarried.  Lirge  blocks  are 
obtainable  which  are  bandied  by  means  of  a  derrick. 

Tn  the  vicinity  of  Afine  la  Motte  a  cooaiderable  amount  of 

quarrying  has  been  done  in  the  limestone  strata.    The  principal 

use  has  been  as  a  tins  in  the  furnace.     Bi^sides  ibe  ordinary 

demand  for  bnilding  stone  has  been  satiaBed.     Some  of  the 

,  limestones  have  a  composition   well  snited  for  a  good  Aax. 

■  Along  Bick  creek  nearly  one  mile  eaat  of  the  crosaiug  of  the 

Fliorth  and  aoulh  oonnty  road  from  Mine  la  Motte,  limeatooe  is 

DOW  being  taken  oat  and  hauled  to  the  faroacu. 

Other  quarrying  has  beea  done  la  the  dolomite  formatioD 
especially  to  the  east  and  soatb  of  Fredericktown  and  also  near 
Libsrtyville.  At  both  looalities  splendid  ledges  for  building 
atone  hare  been  developed. 

8i.ND3I0nB. 

The  sandstonea  as  a  rule  are  yellowish  or  buGF  In  color, 
changing  into  brown.  They  are  rather  friable  on  the  whole, 
but  in  places  are  indurated  snffleiently  to  form  a  moderately 
good  quarry  rock. 

Although  occapyiuga  large  area  iutbe  Mine  la  Matte  sheet 
neither  the  sandatone  nor  the  conglomerate  at  the  base  have 
receive  mnch  attention  in  the  qaarry  industry.  There  are 
objectionable  features  to  many  of  the  beds;  mach  of  it  is  poor 
in  color,  others  have  a  texture  aoBniied  to  snooeasfal  dressing, 
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and  still  others  are  of  shaly  character.  Unless  a  sandstone  is 
of  a  high  grade,  limestone  has  preference  in  localities  where 
both  are  present.  There  are  really  no  important  sandstone 
qaarries  in  the  district,  although  a  large  amoant  of  sandstone 
has  been  used  locally  for  foandations  and  chimney  work.  The 
more  calcareoas  sandstones  are  to  be  preferred.  Around  Mine 
la  Motte  the  he^vy  ledges  of  this  kind  have  been  qaarried 
extensively  and  used  as  bailding  stone. 

Abont  two  and  one-half  miles  almost  dae  soath  of  Doe 
Ban  there  are  two  or  three  steep  hills  of  sandstone.  These 
are  bare  and  disclose  a  good  grade  of  sandstone  which  is  hard 
enough  for  structural  purposes.  It  may  be  obtained  with 
almost  no  difficulty.  It  is  however,  quarried,  pulverized  and 
hauled  to  the  furnace  at  Doe  Ban  and  thrown  in  with  the  lead 
just  before  it  is  drawn  off,  so  as  to  *^  cinder"  the  product.  The 
sandstone  has  been  found  to  contain  97  per  cent  of  silica,  being 
unusually  pure.  It  could  doubtless  be  used  in  the  manufacture 
of  glass. 

OHABiOTBB  AND  GROWTH  OP  THE  QUABBY  INDUSTBY. 

The  opening  of  the  inexhaustible  beds  of  rock  suitable  for 
building  purposes  forms  one  of  the  most  important  industries 
in  the  area  of  the  Mine  la  Motte  sheet;  and  within  this  district 
the  quarry  industry  is  destined  to  become  greatly  expanded. 
With  the  exception  of  a  few  localities,  furnishing  supplies  of 
sandstone  and  limestone  for  local  consumption,  the  quarry  in- 
dustry was  of  small  importance  until  about  the  year  1880.  At 
that  time  work  began  on  a  somewhat  extensive  scale,  and  now 
there  are  almost  innumerable  quarries  of  various  sizes  putting 
out  all  kinds  and  various  grades  of  building  material.  The 
principal  field  of  operation  is  in  the  vicinity  of  Knob  Lick  and 
Syenite,  and  in  a  district  extending  five  to  six  miles  in  a  south- 
westerly direction  from  these  places.  There  are  besides  a  great 
many  insolated  qaarries,  some  of  which  are  of  considerable  ex- 
tent. In  the  neighborhood  of  the  localities  mentioned  there 
were  only  a  few  small  openings  made  in  the  granites  prior  to 
the  date  named  and  a  little  dimension  work  begun.     About 
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that  time  two  large  qnarries  were  opeaed  at  Sjeaite ;  and  sood 
afterwards  extensive  qnarrjiDg  comnieuced  at  Skraioka. 

The  importance  and  growth  of  the  indnstry  is  shown  by 
the  oatpat.  The  tolal  product  shipped  from  Kaob  Licit  alone 
for  the  last  fifteen  years  amounts  to  one  thousand  cars  annnafly. 
ThieincludeBdimeasiOB  stone,  pavioi;  blocks,  groat  and  spalls. 
There  are  now  three  principal  quarries  fnrnishing  dimeosion 
stone.  Two  of  these  are  equipped  with  steam  power  aad 
polishing  apparatus.  Four  or  five  of  the  works  have  switcfaee 
or  tramwa.ve  extending  from  the  quarry  to  the  Belmont  branch 
of  the  St.  Louis,  Iron  Monnlain  and  Southern  railroad.  Other 
short  switches  have  been  bnilt  from  lime  to  lime. 

Up  to  abont  1890  there  was  an  immense  production  of  pav- 
ing blocks,  but  within  the  last  five  years  the  annual  output  has 
decreased  probably  one-half.  This  decline  was  due  to  a  nom- 
ber  of  circumstances.  In  the  Urst  place  there  was  a  great  in- 
flux  of  quarrymen  and  as  a  result  the  number  of  blocks  was 
greatly  increased  and  in  consequence  the  price  was  gradaally 
.  lowered.  For  several  years  Ihe  blocks  brought  eighty  dollars 
I  per  thousand.  A  reduction  was  made  to  sixty-five  dollars, 
'  then  another  to  fifty,  and  finally  during  the  the  recent  general 
ootnmerical  depreHBion  the  oaab  valae  was  only  thirty-flve  dol- 
lars. The  use  of  vitrified  bricks  and  other  materials  for  street- 
paving  has  tended  to  lessen  somewhat  the  demand  for  the 
blocks.  The  late  stagnation  in  bnsiness  circles  has  also  very 
materially  effected  the  demand.  However,  the  loss  in  the 
amount  of  blocks  has  to  a  great  extent  been  compensated  by  a 
great  increase  in  the  amount  of  spalls  utilized ;  for  during  the 
past  five  years  a  wide  and  constantly  increasing  use  of  this 
material  in  granitoid  sidewalks  has  more  than  made  up  for  the 
deficiency  in  other  directions.  The  first  crusher  was  put  in 
at  Knob  Lick  four  years  ago,  but  it  was  subsequently  trans- 
ferred to  St.  Louis,  and  the  rongh  grout  shipped  to  that  point. 
Spalls  are  worth  about  fifty  cents  a  ton  and  the  valae  is  likely 
to  increase  as  the  supply  of  loose  rock  at  the  old  qoarries 
becomes  exhausted ;  while  the  demand  for  the  crashed  rock  is 
rapidly  increasing. 
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Of  coarse  it  is  impossible  at  this  time  to  secare  anythiD£: 
like  an  accurate  statement  of  the  oatpnt  of  all  the  individaal 
qaarries.  In  the  consideration  of  the  various  openings  the 
production  of  many  were  given. 

The  total  output  from  Knob  Lick  for  the  past  fifteeen  years 
has  been  probably  15,000  cars.  For  this  period  the  average 
annual  output  of  dimension  rock  has  been  about  150  cars. 

The  value  of  the  block  shipment  approaches  $500,000.00  ; 
that  of  the  spalls  and  grout  perhaps  $25,000.00.  The  price  of 
dimension  stone  is  so  variable  that  it  is  hard  to  estimate  the 
average  price  of  a  car  load.  One  monument  alone  may  bring 
$1,000.00  or  more. 

The  output  of  blocks  from  Skrainka  and  other  qnairies  in 
the  vicinity  and  westward  and  also  along  the  railroad  between 
Knob  Lick  and  Fredericktown  is  estimated  at  300,000,  with  a 
value  of  not  less  than  $20,000.00.  The  shipments  from  Frede- 
ricktown have  never  been  very  great.  Probably  more  than 
100,000  blocks  have  been  sent  out;  the  valuation  is  in  the 
neighborhood  of  $6,000.00. 

CLAYS. 

From  an  economical  standpoint  the  clays  occurring  within 
the  limits  of  the  sheet  cannot  be  considered  as  being  of  very 
great  importance.  There  are  several  varieties  of  argillaceous 
materials  including  sbale,  ordinary  residuary  and  transported 
deposits  and  kaolin.  The  shales  are  found  between  the  heavy 
limestone  ledges  at  varying  depths  and  of  thicknesses  from  a 
few  inches  to  several  feet.  They  are,  however,  inacessible  and 
besides  are  too  hard  and  calcareous  to  be  of  particular  value* 
Decomposition  of  some  porphyries  and  granites  under  certain 
conditions  results  in  the  formation  of  kaolin,  very  valuable 
deposits  of  which  occur  in  the  crystalline  area  of  southeastern 
Missouri,  but  as  yet  none  of  consequence  are  known  within 
the  Mine  la  Motte  sheet.  The  only  clayey  materials  here  which 
are  in  quantities  sufficient  to  make  them  valuable  are  the  com- 

a— 8 
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mon  residual  and  allovial  deposits.  Tbe  latter  ma;  eithc^r  be 
free  of  injurione  ingredients  or  may  contain  namerouB  pebbles 
and  particles  of  etone,  nsnally  ehert.  These  hard  inclusioiis 
while  not  Btriclly  delelerioaa  interfere  with  tbe  working  of  tbe 
material.  In  places  the  clays  are  from  fifteen  to  twenty  feet 
thick  and  homogeneons  tbronghoal.  Tbe  character,  or  com- 
poaitioD,  depends  primarily  upon  the  nature  of  tbe  rock  from 
which  the  clay  beds  have  been  derived  and  secondarily  npoD 
tbe  degree  of  completeness  of  original  decomposition.  Many 
of  the  limestones  are  overlain  with  a  dark  reddish  brown  clay. 
Tbe  chert  bills  are  mantled  with  a  cherly  yellow  clay,  often 
quite  thick.  The  granite,  sandstones  and  porphyry  clays  are 
usually  qnite  siliceoas  bat  adaptable  to  tbe  manufactare  of 
ordinary  brick.  The  allavial  beds  are  nsualjy  too  arenaceous 
for  snch  purposes. 

The  distribution  of  the  clays  from  which  common  atrnctural 
forick  can  be  made  is  ijuile  genera)  and  from  time  to  time  a  kilo 
or  two  of  brick  is  burned  first  in  one  place,  then  another,  juBt 
enough  being  made  to  satisfy  the  temporary  local  demands. 
At  present  only  a  single  plant  is  putting  out  clay  prodoota. 
This  is  the  Bonsor  brickyard  about  one  aud  one-half  miles 
eoatbeast  of  Frederioktowo,  near  the  Buckeye  copper  mines. 
It  was  opened  in  1894  and  one  small  kiln  was  burned.  The 
green  brick  had  been  allowed  to  freeze  and  mauy  of  them  were 
badly  cracked,  otherwise  they  were  of  good  quality.  The  clay 
pit  is  on  the  level  land  at  the  foot  of  a  hill  and  eoutains 
occasiooal  chert  fragments.  From  the  cut  the  clay  is  wheeled 
to  a  Wallace  disintegrator,  crashed  and  conveyed  by  elevator 
to  a  Wallace  stifF-mnd  machine  and  moulded  into  a  aide  cot 
brick.  Under  careful  treatment  the  material  should  afford 
a  very  good  product. 

LIME. 

Although  the  accessible  limestones  are  almost  entirety 

dolomitic  they  are  some  of  snch  composition  that  a  hir  grade 

of  qaick  lime  may  be  produced.    It  does  not  ordinarily  barn 

well  into  what  would  be  called  a  strong  lime,  bnt  one  saitable 


MINE  LA  MOTTB  SHBBT.  115 

for  all  kinds  of  mason  work  and  for  plaster.  A  small  kiln  is 
frequently  barned  in  the  various  sections  bat  the  principal 
locality  is  along  Bock  creek  aboat  one  mile  northeast  of  Mine 
la  Motte.  Up  to  the  present  time  the  industry  has  not  devel- 
oped farther  than  to  partially  supply  local  demands. 

SANDS. 

The  washed  sands  along  the  streams  can  be  used  in  mortar 
and  for  all  ordinary  purposes  but  there  are  impurties  in  them 
which  detract  from  their  value.  The  sandstone  hills  a  little 
more  than  two  miles  south  of  Doe  Bun,  from  which  sand  is  se- 
cured for  the  furnaces  at  the  mines,  also  furnish  an  abundance 
of  material  for  many  uses.  It  has  been  found  to  be  ninety- 
seven  percent  silica,  and  as  such  could  be  used  for  the  manu- 
facture of  glasM,  but  the  imparity  is  too  great  to  produce  first 
grades  of  white-glass,  unless  the  foreign  substances  are  re- 
moved. It  is  sharp,  clean  sand  and  a  very  superior  grade  for 
mortar  and  plasters.  There  is,  however,  no  extensive  demand 
for  stich  material  and  the  quarrying  for  the  beds  is  mainly  for 
the  roasters  at  Doe  Bun. 

MINERALS  (  not  mined  ). 

Besides  the  deposits  which  are  being  mined  in  commercial 
quantities  and  of  which  mention  has  been  made,  there  are  other 
minerals  which  have  not  as  yet  been  mined.  Some  of  these  are 
found  only  sparingly,  or  in  quantities  too  small  to  be  of  value 
as  commercial  products,  yet  possess  considerable  worth  as 
mineralogical  specimens,  and  as  such  frequently  command 
good  prices  on  account  of  their  beauty,  rarity,  or  peculiar 
scientific  interest.  Many  minerals,  particularly  the  metallic 
substances  attract  much  popular  attention,  but  occur  in  too 
limited  amounts  to  pay  for  working  them,  yet  they  cause  a  great 
waste  of  time,  energy  and  money  in  luring  persons  on  with  the 
hope  of  obtaining  hidden  wealth.  Some  minerals  not  now 
attracting  attention  may  in  the  near  future  develop  into  suf- 
ficiently important  deposits  to  attract  capital. 
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SULPHIDE3. 

fjnlenile. — Galeaa,  aside  from  being  the  principal  lead  ore 
of  the  rfgioD,  also  occurs  in  well  defined  crystals  showiDg  Ibe 
cubic  faces  very  slighll.T  modified  by  tbe  octoltedrOD.  In  this 
form  it  is  know  as  "  oabe  "  or  "  dice  "  mineral. 

Sphalerite. — Allhongb  of  very  iiDcommoD  occurrence  \a 
Boatheaat  Miaeonri  sphalerite  baa  been  reported  from  the  Silver 
minea  where  it  is  aaaociated  in  a  quartz  yeio  vitb  pjrite  and 
galenite. 

Pt/rite. — Iron  pyrites  is  found  nbaodantly  in  tbe  lead  minea 
where  it  oocnrs  massive  with  the  galena.  It  is  very  abundant 
at  Mine  la  Motte,  Doe  Kuu  and  tbe  Silver  mines.  Good  crystals 
are  also  found  at  these  localities.  At  the  latter  place  it  is  saf- 
Hciently  abundant  to  mine.  A  considerable  quantity  was 
taken  out  at  the  opening  of  the  mine  and  now  forms  a  large 
dnmp  near  tbe  month  of  the  shaft. 

Pyrrkotite. — This  form  of  iron  sulphide  was  flrat  reported 
by  Leonhard  from  Mine  la  Motte,  where  it  occars  massive  with 
['  tbe  galena,  and  containa  nickel  and  cobalt. 

Ghalcopgrtte. — Ocoura  abundantly  in  the  lead  mines,  mas- 
sive with  the  other  ores,  and  also  in  more  or  less  well  defined 
crystals. 

Linnmte — This  common  cobalt  ore  as  fonnd  at  Mine  la 
Motte  ocenrs  massive.  It  contains  nsnally  some  nickel  and  is 
associated  with  the  Iron  and  copper  pyrites  in  the  principal  lead 
ore. 

FLDOBIDBS. 

Fluor  Spar, — The  principal  locality  is  at  the  Silver  mines. 
It  is  an  abnndaot  mineral  in  the  vein  ataff  and  occurs  la  small 
quantities  also  in  the  granite  where  metamorphosed.  Tbe 
color  is  a  rich  amethyst,  graduating  into  the  almost  colorless 
varieties.  Although  thoroughly  crystalline  it  does  not  pre- 
serve its  crystallographic  faces. 

OXIDES. 

Quartz Occurs  abundantly  in  the  form  of  a  very  pure 

sandstone ;  also  in  metalliferous  veins  onttiug  granite.     In  ory- 
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6tal8  it  is  also  of  freqaent  occarrence ;  and  in  the  granites,  of 
which  it  forms  the  principal  constituent  in  small  irregalar 
grains,  it  often  has  the  crystallographic  boundaries  preserved. 

Tungstite, — As  a  fine  yellow  powder  coating  wolframite 
crystals  at  the  Silver  mines. 

IHmenite, — Common  in  certain  dike  rocks;  bat  rare  in 
others. 

Magnetite  is  a  common  constitnent  of  granite  and  diabase, 
in  which  it  occurs  in  minute,  well  formed  crystals  of  octahedral 
habit.  Tt  resists  decomposition  much  longer  than  the  other 
components  of  the  crystalline  rocks  except  quartz,  and  con- 
sequently is  washed  away  with  the  latter.  Owing  to  its  high 
specific  gravity  it  rapidly  accumulates  in  small  excavations, 
where  the  currents  of  water  in  the  freshet  runnels  are  less 
rapid,  and  forms  pockets  of  '^black  sand."  A  part  is  magnetic 
but  a  considerable  portion  is  not  so,  owing  doubtless  to  the 
fact  that  it  has  changed  to  hematite  or  limonite.  Some  of  it  is 
probably  titaniferous.  It  occurs  throughout  the  crystalline 
area. 

Hematite, — Occurs  abundantly  in  massive  deposits  and  in 
veins  in  the  porphyiies  and  granites. 

Limonite. — Abundant  in  residuary  deposits.  Also  occurs 
after  pyrite. 

Asbolite. — Black  earthy  cobalt  oxide  has  been  obtained  at 
several  places  on  the  Mine  la  Motte  estate,  principally  at  the 
main  shafts.  It  was  also  formerly  obtained  at  the  Old  Oopper 
mines  in  the  southwestern  corner  of  the  tract.  It  usually  con- 
tains nickel. 

Wad, — The  oxide  of  manganese  occurs  almost  entirely  in 
black  earthy  masses  associated  with  copper  and  cobalt  ores. 

CARBONATES. 

Oalcite. — Found  abundantly  filling  small  crevices.  In  lin- 
ing cavities  the  crystallographic  faces  are  well  formed.  A 
large  series  of  rhombohedrons  and  scalenohedrons  have  been 
observed. 

Dolomite. — Abundant  massive,  but  rather  rare  in  crystals. 
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C<r««i{(»._FoaDd  at  the  Mine  Ik  Motte  both  mftssire  aad 
[a  flue  ol^Hr  crystals. 

Malaekitti. — Abandanl  massive  ut  the  Old  Copper  miaes 
on  lli«  Miue  la  Motte  estate,  and  old  Backeye  mines  soattaeaat 
of  FrederirktowD  and  eleeirbere. 

Asuritf. — Spariogl;  at  Buckeye  laioes. 

FHOSPHATBB  tVD  ARSBKATBS. 

ApalUt. — Oulj  aH  miaale  crystals  in  tlie  cni'stalliDO  roeka. 

AHm4ibergUe.  —The  hydrous  nickel  arseoiate  is  reported  by 
Lraubard  from  Mine  la  Jlotte  as  oecorriag  in  small  gobolar 
particles  of  ao  apple  ^rreeu  color,  on  ebalcopynte  and  galenite. 

rhmbvgmmmite. — Reported  by  Leoobard  from  Mine  la 
Motta  where  it  ia  foand  in  email  ^eenish  ^obates,  of  wary 
loattv,  ea  crTStaU  of  oeraejiiie  on  g<leaa  wbose  sar&ca  is 
oonoded. 

BVLrBATBS  A»r»  TCSGSTitKS. 
AttfUtU*. — Chiefly  foand  in  the  lead  mines.     Al   Mine  to 
-  Jtotte  oiteD  oecBrs  in  good  clear  etystals  with  sharp  edges. 

VTatfrmmite Said  by  Haworth  to  oeenr  in   the  main  rein 

Silver  mines  in  snffieteol  qnaatitiea  tO  indicate  that  the 
«tepeait  nay  be  ofe«io«»«k«l  iMpngtaane, 

SlUCATBS. 

OrtbeWaae. — The  principal  fddspathie  fMBathaent  of  the 
xranilea.     In  the  porphyritie  beiee  ther«  are  larse  ciyUala. 

Mi<r*«lau. — In  well  boonded  uyatala  in  porphyritie 
gianile. 

.-1IM«. — Id  the  aejd  rrrnlallinra  thia  BiBefa)  is  the  pniiei|Ml 
plaxioeia«tie  ivpreeeBtatiTe. 

l^ft*mmitt. — One  of  the  leedtaf:  feMspai*  oecarnBg  ia  th« 
dtabasee. 

Lii^r>tii*riu. — Ab  abaadaat  eoastiteeat  of  the  bese  dike 
r9>fk». 

fiiMMtttf. — Id  the  etyatalRaee  ta  smmfl  piatca  maA  siaue;, 
espevoaUy  at  Stlvvr  mioee.  Syenite  and  Fretienektewa. 

^«r«At».— Atnadast  at  the  SUrer  I 


MINB  LA  MOTTB  SHBBT.  H^ 

Muscovite. — Foand  in  vein  stalBfs  and  as  a  secondary  pro- 
dnct  from  feldspar. 

Chlorite. — Abundant  in  weathered  crystallines. 

Zinntoaldite. — Foand  in  small  crystals  from  one  to  ten 
millemeters  in  size,  at  the  Silver  mines. 

Hornblende. — Common  as  a  constitaent  in  the  granite  sontb 
of  Syenite. 

Topaz. — In  minute  grains  at  the  Silver  mines,  where  it 
occurs  in  the  altered  granite. 

Zircon. — Very  abundant  in  minute  crystals  usually  imbed- 
ded in  feldspar  crystals  in  granite.  Sometimes  forms  clusters 
around  biotite. 

Augite, — Abundant  as  an  essential  constituent  of  the  dia- 
base. 

Olivine — Common  in  grains  in  certain  diabases. 

Epidote. — Bather  rare.  In  small  grains,  as  a  secondary 
product,  from  the  basic  dikes. 

WATER  AND  WATER  POWERS. 

The  waters  of  the  district  may  be  regarded  as  belonging  to 
two  classes,  the  surface  and  the  mineral.  With  the  former  the 
area  is  well  supplied.  Two  good  streams  with  clear  sparkling 
water  tlow  south  nearly  across  the  sheet.  Wells  of  moderate 
depth  yield  abundant  and  never  failing  supplies  of  wholesome 
water. 

While  there  are  a  number  of  mineral  springs  in  the  district 
the  best  known  are  in  the  vicinity  of  Fredericktown.  They 
are  all  chalybeate  waters.  One  spring  is  situated  about  one 
mile  east  of  the  town,  and  at  one  time  had  a  wide  reputation. 
The  other  is  White  spring  located  about  six  miles  south  of 
Fredericktown.  It  is  beautifully  situated  and  with  a  little  ex- 
pense the  place  could  be  transformed  into  a  attractive  resort. 
The  rate  of  flow  is  about  sixty  gallons  a  minute;  the  temper- 
ature of  the  water  about  52  degrees,  that  of  the  air  being 
72  degrees.  The  results  of  the  analysis  of  this  water  by 
Schweitzer  is  as  follows: 
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Analynis  of  Water  of  While  Spring. 
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For  water  povers  the  St.  Francois  river  baa  a  Baffi<dent 
Akll  and  volnme  to  supply  considerable  power.  At  the  present 
time  there  is  onl;  one  dam.  This  is  at  Silver  mines,  bat  is  not 
DOW  atilized.  It  is  a  substantial  stone  strnctore having  ahead 
of  twenty-foar  feet.  ( See  plate  xiv.) 
SOILS. 

With  the  exception  of  very  limited  allDvial  areas  the  soila 
of  the  region  are  all  residoary.    They  are  composed  of  tho 


li 


i 

1 


MINE  LA  MOTTB  SHEET.  121 

materials  which  have  been  left  from  the  disiDtegration  and 
decomposition  of  the  rocks  in  place.  As  a  result  the  soils 
formed  from  the  dijBferent  rock  masses  each  have  physical  pro- 
perties and  pecaliarities  not  possessed  by  any  others,  and  hence 
each  is  easily  distinguished. 

The  decay  of  the  porphyry  is  much  less  rapid  than  in  the 
case  of  the  other  rocks  and  as  a  rule  the  resulting  soil  is  not  so 
thick.  Usually  the  soil  derived  from  the  rock  is  light  grayish 
brown  in  color,  rather  clayey  and  somewhat  intractable. 

Unlike  the  porphyry  soils  those  of  the  granite  areas  are 
commonly  more  presistent  over  the  rocks  from  which  they  have 
been  derived.  This  may  be  accounted  for  in  the  main,  by  the 
lower  angle  of  hill-slopes  in  the  case  of  the  granite  formations. 
The  disintegration  as  well  as  the  decomposition  of  the  coarser 
rocks  is  more  rapid  and  the  washing  away  of  the  decayed 
material  is  not  so  complete.  On  the  rolling  upland  the  thick- 
ness of  the  felspathic  clays  and  the  soils  is  often  as  much  as 
six  to  eight  feet.  These  beds  are  sandy  and  of  light  yellow  to 
brown  color  except  at  the  surface  where  modified  by  decom- 
posed vegetation.  Bowlders  of  granite  are  frequently  scattered 
through  the  residual  clays  and  sometimes  interfere  with  tilling. 

The  soils  of  the  sandstone  areas  are  very  arenaceous,  light 
and  loose  and  perhaps  less  fertile  than  those  from  the  other 
rocks.  They  form  large  areas.  When  underlain  by  heavy 
clay  deposits  they  become  much  more  productive. 

The  fertility  of  the  limestone  soils  is  well  known.  The 
rich  red  to  brown  clayey  beds,  formed  by  the  decomposition  of 
the  limestone  strata,  have  proved  exceptionally  fertile. 
Where  ever  these  are  found,  occur  the  most  luxuriant  plant 
growths.  The  lands  are  durable  and  easy  of  cultivation.  The 
soils  with  the  under  clays  of  very  similar  character  often 
extend  to  a  depth  of  fifteen  to  twenty  feet.  The  texture  is  of 
such  a  character  that  much  moisture  is  held,  to  be  given  up 
gradually  during  long  periods  of  dry  weather.  Most  of  the 
eastern  part  of  the  Farmington  lowland  has  soils  of  this 
description. 
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Tlie  cherty  limestone  areaa  sapply  a  deep  red  clay  and 
bat  for  the  presence  of  nnmerons  aoealar  chert  fragments  the 
soils  woald  be  easily  tillable.     It  is  however  qnite  prodnclive. 

The  allnvial  soils  are.  as  has  been  stated,  coDDned  to  the 
bottom  lands  along  the  St.  Francois  and  the  Little  St.  Francois 
rivers  and  occasional  small  areas  adjacent  to  some  of  the  other 
larger  streams.  Even  along  the  rivers  mentioned  the  areas 
tire  by  no  means  coDtioiioas.  Its  position  with  reference  to 
the  weterconree  is  ever  changing.  The  sonrces  of  the  materials 
making  up  the  alluvial  deposits  cannot  ordinarily  be  determined, 
since  they  have  been  transported  and  mixed  thoroughly  by 
repeated  working  over  by  water.  The  soils  are  as  a  rule  rather 
light,  somewhat  sandy,  but  fertile. 

FORESTRY. 

There  is  much  valuable  timber  within  the  area  of  the  Mine 
la  Motte  sheet.  The  principal  woods  from  which  good  timber 
may  be  made  are  the  white  and  black  oaks  and  the  common 
yellow  pine.  There  are  a  number  of  other  kinds  which  might 
be  utilized  but  are  of  less  common  occurrence.  Among  these 
might  be  mentioned  the  black  walnut,  the  black  gum,  and  sev- 
eral Tftrleties  of  oaks. 

To  a  certfdn  extent  eaoh  geological  fonnatlon  has  a  otaar- 
acteristio  timber  growth.  In  different  portions  of  the  sheet 
these  vary  and  inter-mix  but  it  is  often  practicable  to  disclose 
the  nature  of  the  rocks  underlying  the  surface  by  the  character 
of  the  principal  trees  supported.  The  rich,  moist,  allnvial  lands 
bear  particular  species,  such  as  the  sycamore,  the  black  and 
the  white  walnuts,  the  sugar  and  white  maple  and  the  laurel 
oak.  The  limestone  and  chert  areas  have  a  variety  of  oaks, 
but  more  particularly  the  black,  the  red  and  the  burr.  The 
post  oak  is  found  abundant  on  the  poorer  lands  and  often  is 
the  prevailing  species  on  the  granite  aplands.  The  email  shell- 
bark  hickory  is  here  also  abundant.  The  porphyries  support 
uumeroas  varieties  bat  more  especially  the  yellow  pine  and 
the  white  and  post  oaks.  The  principal  pine  trees  are  confined 
to  the  south  western  portions  of  the  sheet.    The  hills  j  ust  across 
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the  river  from  the  Silver  Mines  are  covered  with  pines  eigh- 
teen inches  and  over  in  diameter.  Other  hills  are  nearly  equally 
productive  of  pine.  The  character  of  the  forestry  over  the  flats 
depends  somewhat  apon  the  thickness  of  the  clay  overlying  the 
rock.  The  rich  lowlands  have  a  very  floarishing  timber  growth 
bat  the  dry  highland  bear  small  trees,  mostly  scrab,  or  post 
oak.  There  are  a  namber  of  saw  mills  now  getting  oat  oak 
and  pine  lamber.  The  making  of  railroad  ties  is  also  of  some 
importance. 

Tbe  principal  trees,  most  of  which  are  suitable  for  lamber^ 
are  as  follows: 

1.  Yellow  pine,  Plnus  echlnatus.  Mill. 

2.  Hed  cedar,  Junlperus  vlrglnlana,  Linn. 

8.  White  walnut,  or  butternut,  Juglans  cinerea,  Linn. 

4.  Black  walnut,  Juglans  nigra,  Linn 

5.  Black  hickory,  IJlcorla  alba,  (Linn). 

6.  Pignut  hickory,  Hlcorla  grabra,  (Mill). 

7.  Big  shellbark  hickory,  lllcoria  laclnlosa,  (Mlchx) . 

8.  White  hickory,  common  shell-bark,  Hlcorla  ovata,  (Mill). 

9.  Cottonwood,  Populus  monlllfera,  Alt. 

10.  Black  willow,  sallx  nigra.  Marsh. 

11.  Blue  beech,  C-arplnus  carollnlana,  Walt. 

12.  Iron -wood,  Ostrya  vlrglnlana,  (Mill). 

13.  Hazelnut,  Corylus  amerlcana,  Walt. 

14.  Red  birph,  Betula  nigra,  Linn. 

15.  Beech,  Fagus  atropunlcea,  (Marsh). 
If).  White  oak,  Quercus  alba,  Linn. 

17.  laurel  oak,  Quercus  Imbrlcarla,  Michx. 

18.  Burr  oak,  Quercus  niacrocarpa,  Mlchx. 

19.  Post  oak,  Quercus  minor,  (Marsh). 

20.  Chinquapin  oak,  Quercus  muhlenbergll,  Rngelm. 

21.  Jilack  Jack  oak,  Quercus  nigra,  Linn. 

22.  Pin  oak,  Quercus  palustrls,  Du  Rol. 
2H.  Willow  oak,  Quercus  phellas,  Linn, 

24.  Swamp  white  oak,  Quercus  platanoldes,  (Lam). 

2.*).  Hed  oak,  Quercus  rubra,  Linn. 

26.  Black  oak,  Quercus  velutlua.  Lam. 

27.  Wahoo,  or  winged  elm,  Clmus  alata,  Mlchx. 

28.  American,  or  white,  elm,  rimus  amerlcana,  Linn. 

29.  slippery  elm,  Clmus  pubescens,  Walt. 
HO.  Hackberry,  Celtls  occldentalls,  Linn. 
HI.  Mulberry,  Morus  rubra,  Linn. 

H2.  White  popular,  Lirlodendron  tullplfera,  Linn. 

H3.  Pawpaw,  Aslmlna  triloba,  (Linn). 

M.  Sassafras,  sassafras  sassafras,  (Linn). 

85.  Witch  hazel,  Hamamells  vlrglnlana,  Linn. 

H6.  Sycamore,  I*latanus  occldentalls,  Linn. 

H7.  Service  berry,  Amelanchler  canadensis,  (Linn). 

HK.  Wild  cherry,  Prunus  serotlna,  Khrh. 

H9.  Ked  bud,  Cercls  canadensis,  Linn. 

40.  Honey  locust,  Gledltschla  triacanthus,  Linn. 

41.  White  maple,  Acer  saccharlnum,  Linn. 


Id  additioD  to  tbe  special  ioveai^itions  into  the  geologicul 
features  of  the  Mine  la  Motle  dUtricl  notes  originally  taken  by 
different  oiembere  of  the  regular  corps  for  other  pnrpoBes  tbao 
those  directly  connected  with  The  areal  work  hape  been  fallj' 
drawn  upon.  The  topography,  tinder  tbe  direction  of  Mr.  C 
F.  Marbut,  was  done  in  great  part  in  the  jear  1892  by  Mr,  E. 
H.  Lonsdale  assisted  by  Mr.  E.Theilmao.  Mncb  regarding  the 
crystallines  baa  been  complied  from  Ibe  lately  ienned  petro 
graphical  report  and  the  supplementary  notes  by  Dr.  E,  Ha 
worth.  The  informatiou  concerning  the  lead  mines  was  ob- 
tained largely  in  connection  with  work  for  the  general  report 
on  the  lead  and  zinc  deposits  of  Ibe  slate  recently  pablished. 
Lately  Mr.  Lonsdale  spent  some  time  in  St.  Francois  and  Mad- 
ison coauties  chielly  in  looking  up  lbs  building  materials  and 
-tbe  list  of  Qoarries  is  derived  in  great  part  from  this  source,  as 
well  as  notes  on  other  topics.  Many  citizens  residing  witbin 
tbe  limits  of  tbe  sheet  hare  aided  very  materially,  and  fully 
appreciating  the  scope  of  the  work,  have  not  only  freely  given 
much  valaable  information  but  also  time  and  attention. 
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